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DESCRIPTION OF PtATE OP MAtARIA PARASITES 

Beolga Tenita P«iult«s 
i Normal red cell lor comparison of lue 
i Trophozoite young ring form 

3 Trophozoite full grown Ked ceQ is enlarged and Schfiffner’s dots are present 

4 Schizont youag form undergoing eecond oocUat division 

5 Schizont quarter grown Nuclei composed of fine chromatin granules in irreguh 

clumps Yellowish brows pigment u present 

6 Schuont mature form Nuclear division complete Cytoplasm dividing prepari 

lory to liberation of merozoites • 

7 Macrogametocyto (female gametocyte) Cytoplasm is blue chromatin eccentri' 

compact deep red and surrounded by a halo 

8 Microgametocyte (male gametocyte) Cytoplasm u greenish blue chromati 

central diffuse and light red 

Quartan Parasites 

I Trophozoite young nng form Fine bbek pigment granules are present 
1 Trophozoite young band or equatorial form 

3 Trophozoite a more mature oval form showing beginning nuclear division 

4 Schuont >ousg bmucleate form heavily pigmented 

5 Schuont older band form Pigment is more abundant about periphery 

6 Schuont mature Chromatin clumps form 8 nuclear masses arranged around 

central mass of pigment 

7 Macrogametocyte (female gametocyte) Chromatin is compact and deep rec 

Figment abundant 

8 Microgametocyte (male gametocyte) Chromatin is diffuse and pale Pigmen 

abundant. 

Malignant Tertiaa Parazltes 
1 Trophozoite young hair Uhe nog form 

a Trophozoites young nog forms Charactenstic multiple infection of a red cel 
showing also penpherally placed forms 

3 Trophozoite full grown Rarely seen in penpberal blood except in very heav; 
infections 

Schizonts fn successive stages of matunty Rarefy seen in penpberal bfood. 'Ipeci 
I j mens from red cells tn a brain capillary of a fatal case of cerebral mabna 

Macrogametocyte (female gametocyte) Shows characterutic crescent shape 
Nucleus u compact deeply itamed Pigment clumped m center 
8 Microgametocyte (male gametocyte) Chromatin u pale staining and diffuse 
Pigment is dispersed 
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DESCRIPTION OF PIATE OP MALARIA PARASITES 


Btmign Ttfbta , 

1 Norms! red cell for compsnsOn of me 
* Trophozoite >oung nog form 

3 Trophozoite full grown Red cell » enlarged and SchOffaet s dots are present 

4 Schizont young form undergoing second nuclear division 

5 Schizont quarter grown Nuclei composed of fine chromatin granules m irregular 

clumps \ ellowish brown pigment is present 

6 Schizont mature form. Nuclear division coniplele Cytoplasm dividing prepara 

tory to liberation of merozoites ^ 

7 Macrogametocyte (female gametoote) Cytoplasm is blue chromatin eccentric 

compact deep red and surrounded by a h^o 
S Microgametocyte (male gametocyte) Cytoplasm is greemsh blue chromatin 
central diffuse and light red 

Quartan Parasites 

I Trophozoite young nng form Fine black pigment granules are present 
i Trophozoite young band or equatorial form 

3 Trophozoite a more mature oval form showmg beginning nuclear division 

4 Schuoot young binucleate form heavily pigmented 

5 Schuoct older band form. Pigment is more abundant about periphery 

6 Schizont mature Chromatin clumps form 6 nuclear masses amnged around a 

central mass of pigment 

7 Microgametocyte (female gametocyte} Chromatin is compact and deep red 

Pigment abundant 

8 Microgametocyte (male gametocyte) Chromatin is diffuse and pale Pigment 

abundant 

Malignant Tertmo Parasites 
( Trophozoite young hair like nng form 

z Trophozoites young nng forms Cbanctenstic multiple infection of a red cell 
showing also peripherally placed forms 

3 Trophozoite full grown Rarely seen In penpheral blood except in very heavy 
infections 

M Schizonts in successive stages of matunly lurely seen in peripheral blood. *lpeei 
|| mens from red cells in a brain capillaiy of • fatal case of cerebral malana 

Macrogametocyte (female gametocyte) $bows charactenstie crescent shape 
Nucleus u compact deeply stained Pigoieiit clumped in center 
8 Microgametocyte (male gametocyte) Cbtoioatin is pate staining and diffuse 
Pigment is dispersed. 
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PREFACE TO THE 7TH EDITION 


The necessity for a nen edition emphasizes anew that under the 
greatly changed conditions of this world and the increased opportu 
nities for the aerial transportation of disease the medical profession has 
come to recognize the growing importance of tropical medicine and its 
worldwide significance and feels that further knowledge and especiallj 
the dissemination of new information regarding it is desirable 

The Honorable Secrctar> of War Henry L Stimson in a message sent 
to a class of medical officers graduating recently at the Army Medical 
School Washington DC emphasized that there is no field of medicine 
more important to the United States Army in this war than tropical 
medicine and our troops have been headed toward a multitude of places 
where they should not go without doctors trained in combating diseases 
peculiar to the tropics 

Major General Norman T kitk Surgeon General of the United Slates 
Army in his commencement address at the graduating exercises of the 
i6th class m Tropical and Military Medicine at the Army Medical School 
Washington DC on December iSth 1^3 pointed out that there is 
little tropical medicine and sanitation taught m our medical schools today 
nor has it ever been taught in the majority of these schools to the extent 
that would train and prepare satisfactorily military medical officers for 
their work at the present tune when our Army is scattered throughout 
the world especially where tropical diseases are such a problem Our 
biggest problem in the \rmy today from a medical standpoint is malaria 
and other tropical diseases The non effective rale due to disease 1$ six 
or seven times as great as battle injury 

\ ice Admiral Ross T Mclnlire Surgeon General of the United Stales 
Navy in a recent address summ-irizedhis views with the statement the 
entire field of tropical mediane is one that is so important that w e should 
make every attempt to interest all groups of professional men m this 
specialtv and he added the time is not tar distant when any doctor 
w ho does not hav c a clear picture of the dangers of tropical diseases and an 
understanding -of their diagnosis and treatment will drop behind his 
fellows. Rear Admiral E R Stitt United States Navy Surgeon 
General (Ret) m his recent inspiring lectures both at the National Nav-al 
Medical Center and at the Armv Medical Sdiool has also emphasized the 
greatlv increased importance of the subjecL 

Therefore the writer has again endeavored to include additional 
researches or publications made since the last repnnt At the \rmy 
Medical School he is especially indebted to Colonel George R Callender 
M C Uniteti Stiles Army Director of the Armv Medical School and 
\svntant Commandant of the Medical Department Professional Service 
Schools \\ ashmgtow D C and to kaeutenant Colonel Thomas T 
Mackie MC \rmv Lnile<l States Fiecutive Officer Course in Tropical 
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and MiliUry Mcilicmc and ChtcJ of the I>iv«Jon of Pxrasitnfogy Army 
^fcllKlvl School for and tot the m^fiintion he has received 

from them »» the pcihluMion of thh rcvisiwj 

Also iic wishes to tfnnh Major C«cori>e W Ifimicr, Ilf, Sn C , Armv 
I'niteii Slates Cvpt-vinC IlNmke Worth MC \rmv Uniteil States, and 
Captun l.ordon 1 Davis So C Army Iniied Stales and the other 
niemht rs of (he Di\ ismn of ISnsttolot^ of this School for assistance in 
the cditornl work 

Commander James J S\pcto, M C United Stairs Navy MnUriannd 
1 pidomn. (. onirol Oflicir m the South Pacific, lias given tiic writer much 
rct-enl information Lonccinmg the sufijccis of iftngite fever, scruh typhus 
and fihrns s in the South I'ttcihv. and Captain I ric 0 linkansson 
Medic d Oihccr in Command sfaval Medical Ueseareh Institute, Isationa) 
Naval Mcdiciit Center has further helped with reference to inicstinat 
mfcciKins 

1 he wnlvt also wishes to tli ink Doctor llctirv 1 Mclcnoy, Professor of 
Preventive Medicine at New York University and Chiirman of the Suti 
Committee on I rfl(ncai Diseases, N itional Kcsearch Cooned, and Doctor 
WilhuT SawM t Director of tlie Intern itional lie lUIiDivision of the Rocke 
feller I ound Uion nml n menher «f the Sub Committee on rropiral Dis 
c vses Nation il Kcsearch ( ouncil for further rreent information re^,afding 

tlic SllhjCfl 

lie in nddiiion vsishca to express his npprecuHon to his HrilMli col 
IciKyts Major («enenl Aictsiider Cordon UiRRvm Ml), rUCP, 
D I M Ml R A M C K » V Urigadicr N Hamilton 1 alrlcy C It I 
M D D he I K C I and DIM A A M C nml to Coionel I S 
t lUcspic it A M D K \ M C Itrilish I maon Officer Medical 1 leld 
Servile School Carlisle Rarracks for rnuch mtormalion conccrnint, 
tropical disevse m the llrittsh and Auslralmn Armies Also he is gritcfu! 
to bir Ihihp MansonUahr CMC DSO KAMC MRCS, 
1) I M MI I / S for his suggestions and Interest in tlic puldication 
Die Tropical Diseases Itulletin I on Jon under the Chairmanship of 
Doctor A I II Smart CMC MUF MD DPU DfMMf is 
of continued vain iWc assistance «nd has mainlamcd its excccdini,iy hii,fi 
standard m spite of war conditions 

Die writer » much gratifieil to have received reports of the manner in 
which the lioolv Jias been madcuscofliy many students and pbysiclans in 
Cl' it life os well ns by medical officers of the Army Navy «n<l 1 uldie 
Health Services both m the United States ami abroad 

rtnallv he feels that he shotihh and wishes to ndd that lus greatest 
inspiration and incentive for this work has come from the desire of his late 
beloved wife Grace Niciiols Strong, that this hook should prove to be 
useful both for instruction in our inHical schools and in the advancement 
of our Vnoivledgc of tropical diseases nml In the relief of sufTeiing from 
Dvesc aftcctions 


anilY MlWCSt SCO XI/ 
‘CAS 
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PREFACE TO THE 6TH EDITION 


Since the publication of the last edition of this text book in 1929 by 
E R Stitt M D Sc D IX D Rear Admiral Medical Corps and 
Surgeon General U S Navy Retired knowledge regarding many of the 
diseases encountered more commonly m tropical countries has been very 
greatly increased So that in order to review this subject and incorporate 
the important scientific progress that has been made it has been thought 
advisable to rewrite many sections of the text In the present edition it 
has been the atm to make available a summary of the knowledge not only 
of the clinical manifestations regarding tropical diseases and their treat 
ment but also of whatever zoological aspects and laboratory measures as 
are of importance in connection with their transmission diagnosis and 
prevention Also brief consideration has been given to the more impor 
tant cosmopolitan diseases that may be encountered jn warm countries 

There has been so much discussion lecenlly regarding the term Trop 
ical Diseases that the writer feels it desirable to explain that the diseases 
speaally discussed in this text book under this term occur commonly or 
most frequently in tropical countnes although many of them are encoun 
tered from time to time and some are even endemic in countries with 
temperate climates 

Progress m the medical saences has been so great duneg the past 
decade that the student and medical practitioner today frequently desire 
a more comprehensive discussion of the subject of disease m its different 
aspects than in earlier years In order to incorporate the facts which are 
of interest and useful both from a clinical and laboratory point of view 
It has been necessary to increase the size of the book Although this 
IS in some respects deplorable nevertheless there is the advantage that 
the reader will find available in the two volumes a discussion of aU these 
different aspects of the subject 

The writer has endeavored to avoid dognaalic discussions and has 
tried to present the available evidence and express differences of opinion 
where such exist that the student may not be led to believe there is but 
one point of v lew Far the reader who wishes more extended information 
a brief list of references has been appended to each chapter These lists 
of course arc not intended to cover the subject but merely to refer 
students to some of the more recent investigations or specially important 
earlier ones should they desire to read the articles m the original and 
more extended form 

Since the passage in 1935 id the United Slates of the Social Security 
Act with its health provisioQS the increased emphasis that has been 
placed on preventive medicine public health and sanitary engineering 
has demonstrated the importance of information regarding these subjects 
to the general physiaan and for this reason in the present edition con 
siderable attention has been devoted to the public health problems regard 
ing the prevention of the infectious diseases di cussed 



PRtF\Ct TO THE 6 t11 EDITION 


The last year has demonstrated the steadily increasing interest mLatm 
America not only in its political and economic aspects but in its cultural 
and social values as well Also the policy of the United States to increase 
friendly relations with Latin Amenta and the activities of the Carnegie 
Endowment for National Peace and the Pan American Sanitary Bureau 
and the appointment of Medical and other Fellows b> the Guggenheim 
Foundation from se\eral Central and South American republics have 
emphasized the importance of Pan American umty and of many of the 
health problems of mutual intenst Obviously the greater portion of 
South America is within the tropics and the increased amount of travel 
between these countries especially by air makes the problem of the 
treatment of tropical diseases particularly important to physicians m the 
United States as well as to those in Central and South Amenca In 
the pre ent edition attention has been given both to the occurrence and 
prevalence of the diseases in Central and South Amenca and to many of 
the recent important investigations which have been carried out there 
upon tropical medicine 

The writer wishes to avail himself of this opportunity to express his 
appreciation and thanks to Surgeon General Hugh S Gumming, First 
Vice President of the League of Nations Health Association and Director 
of the Ian American Sanitar> Bureau IVashington DC and (o Dr 
Yves Itf Biiaud head of the ^rvices of Epidemiological Intelligence and 
Public Health Statistics of the League of Nations for their courtesy in 
granting permission for the reproduction of a number of the maps show lag 
the geographical distribution of disease and recently prepared by the 
League of Nations 

In particular thewntensmdebtedtoLieut JamesJ Sapero Medical 
Corps U S Nav> for the preparation of the frontispiece Plate I (The 
Malaria Parasites) and Plate HI of the malana parasites in thick blood 
films and in cerebral malaria drawn from original preparations m the 
collection at the Naval Medical School Likewise I am verj appreciative 
of the courles> of Commander E G Hakansson Medical Corps U S 
Navv for Plate IV (Intestinal Amoebae and Flagellates drawn to scale) 
of preparations carefully selected by him from the splendid collection in 
the school museum and for a number of valuable suggestions m connec 
lion with zoological studies regarding amoebae 

Dr George C Shattuck Cfmicai Professor of Tropical Medicine 
Harvard Univ cTsit> has written the chapters upon Nutritional Disorders 
and upon Heat Stroke and has revised and made additions to the impor 
tant section on Tropical H>giene Dt A \\ Scllards Richard Pearson 
Strong Associate Professor of Tropical Medicine Harvard University 
who has been concerned with investigations upon >el!ow fever since 19171 
has kindly written the chapter on this subject Dr J H Sandground 
formerly bclminthologist m the Department of Tropical Medicine at 
Harvard University and now of the Biological Division at the Lilly 
Research Laboratories has read the proof of a number of the sections on 
parasitolog) and Dr Joseph C Bequaert Assistant Professor of Com 
parative Pathology and Tropical MeAane Harvard Umvcrsitv has read 
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the mnuscnpt of the book and given special suggestions with reference to 
the entomological sections Dr Thomas R Barbour Director of the 
Museumsof Harvard University including Comparative Zoology basread 
the chapters on poisonous snakes and lizards and poisonous arthropods 
fish and coelenterates and has wntten maddition some observations upon 
poisonous hsh I am also much indebted to Dr Reginald Fitz Lecturer 
on the History of Medicine at Harvard for reading the chapter on Black 
nater (ever and for suggestions in connection with it In the revision 
of the chapter on Dengue fever the writer has been especially guided by 
the investigations and publications of Col James S Simmons United 
States Army Medical Corps while Col George R Callender of the 
Medical Corps Director of the Army medical school has given valuable 
information in regard to instruction and investigations particularly at 
this school Through the good oflices of these gentlemen the value of 
the book obviously has been much enhanced 

The writer is also grateful for the kindness catendcd by the Executive 
Committee of the Royal Society of Tropical Medicine and Hygiene in 
permitting the reproduction from the Transactions of several tables and 
illustrations and by a number of physicians and publishers of other 
medical journals who have permitted tbe reproduction of other illustra 
tions which are all acknowledged in the text In addition he particularly 
wishes to express his thanks for the courtesy of Messrs D Appleton 
Century Company Inc publishers of Dilbngs Forcheimer Tlierapeusis 
of Internal Diseases and Bedside Diagnosis George Blumer Editions 
and of Messrs Thomas Nelson &. Sons publishers of Nelson Loose Leaf 
Medicine m regard to earlier articles wntten by the undersigned and 
published by them 

The writer has also been much aided in the preparation of the volume 
by the work of Col Charles F Craig and Dr Ernest C Faust published 
particularly m Climcal Parasitology 1940 Lea &. Febiger of Dr Asa 
C Chandler in \n Introduction to Parasitology with Special Reference 
to the Parasites of Man 1940 John Wiley A. Sons Inc and of Dr Philip 
Manson Bahr m Manson s Tropical Disease 1940 Williams Wilkins Co 
The Tropical Disease Bulletin London with its valued rev tens has also 
been of much assistance Finally, in the present edition wide use has 
been made of the valuable work of Stitt Clough and Clough Practical 
Bactenology Haematology and Parasitology The Blakiston Company 
1938 Dr Clough has kindly read the section on anaemia and most 
valuable counsel throughout has been given by <\dmiral Stitt 

Espeoal thanks are due to The Itiakiston Company for their 
interest intelligent cooperation and assistance m the publication of 
the work I am also appreoative of the great assistance of Mr J 
Tuckermann Day of the Riverside Press Cambndge m the preparation 
of the index 

President Franklin D Roosevelt in aa address made at the National 
Institute of Health on November t 1940 emphasized that the Uniteil 
States was less than a day by plane from the jungle type of yellow fev er 
of South Amenca less than two days from the sleeping sickness of Fqua 
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The last year has demonstrated the steadily increasing interest in Latin 
America not only in its political and economic aspects but in its cultural 
and social values as well Also the pohcy of the United States to increase 
friendly relations with Latin America and the activities of the Carnegie 
Endowment for National Peace and the Pan American Sanitary Bureau 
and the appointment of Medical and other Fellows by the Guggenheim 
Foundation from several Central and South American repubhcs have 
emphasized the importance of Pan Amencan unity and of many of the 
health problems of mutual interest Obvious!> the greater portion of 
South America is within the tropics and the increased amount of travel 
between these countries especially by air makes the problem of the 
treatment of tropical diseases particular!} important to physicians m the 
United States as well as to those m Central and South America In 
the present edition attention has been given both to the occurrence and 
prevalence of the diseases in Central and South America and to many of 
the recent important investigations which have been earned out there 
upon tropical medicine 

The wnter wishes to avail himself of this opportunity to express his 
appreciation and thanks to Surgeon General Hugh S Gumming First 
Vice President of the League of Nations Health Association and Director 
of the Pan American Samtary Bureau Washington D C and to Dr 
\veaM Biraud head of the Services of Epidemiological Intelligence and 
Public Health Statistics of the League of Nations for their courtesy in 
granting permission for the reproduction of a number of the maps showing 
the geographical distribution of disease and recently prepared by the 
League of Nations 

In particular the writer is indebted to Lieut James J Sapero Medical 
Corps U S Navy for the preparation of the frontispiece Plate I (The 
Malaria Parasites) and Plate III of the malaria parasites in thick blood 
films and m cerebral malaria drawn from original preparations in the 
collection at the Naval Medical School Likewise I am very appreciative 
of the courtesy of Commander E G Hakansson Medical Corps U S 
Navy for Plate I\ (Intestinal Amoebae and Flagellate drawn to scale) 
of preparations carefully selected by him from the splendid collection in 
the school museum and for a num^r of valuable suggestions in connec 
tion with zoological studies regarding amoebae 

Dr George C Shattuck Climcal Professor of Tropical Medicine 
Harvard University has wntten the chapters upon Nutritional Disorders 
and upon Heat Stroke and has revised and made additions to the impor 
tant section on Tropical Hygiene Dr A W Sellards Richard Pearson 
Strong Assocraf'* Pralessor ol Tropical Medicisf llansrd IXnJversilv 
who has been concerned with investigations upon yellow fever since 1927 
has kindly wntten the chapter on this subject Dr J H Sandground 
formerly helminthologist in the Department of Tropical Medicine at 
Harvard University and now of the Biological Division at the Lilly 
Research Laboratones has read the proof of a number of the sections on 
parasitology and Dr Joseph C Bequaert Assistant Professor of Com 
parative Pathology and Tropical Mediane Harvard Umversity has read 
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For many years I have been asking DrKCor Strong why he did not write 
a book on tropical medicine and he has alwavs replied because you 
have written a book which seems to have covered the ground to m> 
satisfaction 

Doctor Strong and I have been dose friends for almost forty years 
dating from the early years of American occupation of the Philippine 
Islands 

From igoQ to 1911 I was a member of the staff of The Department 
of Tropical iledicme of the Medical Si.hool of the University of the 
Philippines of which he was the head Jn addition he was Chief of the 
Biological Division of the Philippine Bureau of Science in which capacity 
he was responsible for important research in the problems of tropical medi 
cine Pnor to his resignation from The Medical Department of the 
U S Army he served as President of the Army Tropical Disease Board 
(1899 to 1901) In later years such distinguished officers as Nichols 
Slier Craig Ashburn Dunham and other Army olBcers have served on 
this board 

I doubt whether anv worker in the national or international field of 
medicine has equalled Strong as director of commissions to study problems 
connected with public health in the tropics and elsewhere As Chair 
man of Red Cross commissions he investigated pneumomc plague in 
Manchuria typhus fever in the Balkans and trench fever m the allied 
troop* in France In addition he has headed commissions to study health 
conditions m Liberia for Firestone and other Harvard University research 
expeditions m South and Central America More recently he has been 
particularly identified with studies of bartonellosis in Peru and oncho 
cerciasis in Guatemala 

In the first five editions of this book 1 bad the fullest aid from medical 
officers of the Navy and the Public Health Service The fifth edition of 
which this is a revision was brought up to date by the painstaking review 
of the literature by Doctor John Harper and Doctor Paul Dickens both 
of the Medical Corps of the Navy Dickens changed the clinical sec 
tion of the fourth edition from a regional presentation to an alphabetical 
one Doctor Strong has deaded to retain the alphabetical order as more 
available for quick reference 

Doctor Montgomery Stuart, who had been health officer of Haiti 
prepared the section on Tropical Hygiene which has been revised by 
Strong Shattuck and his colleagues To Admiral Butler and Captain 
Bunker of the Navy and to Doctors McCoy and Francis of the Public 
Health Service I was indebted for notes and advice With every one of 
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tonal Africa less, thaa three days from cholera and bubonic plague, and he 
added, The ramparts v, e iratcb must be civiUan in addition to military 
Hence the world now, has become so interrelated and apparently so 
small that our medical and sanitary responsibilities regarding tropical 
diseases have greatlv increased 

Bt Lewis L WilUams, Jr President of the American Society of 
Tropical Mediane m 1940 has called attention to the importance that 
tropical medicine assumes m the event of a national emergency and pointed 
out that with the drafting of 3 large army of young men their encampment 
m the southern United States together with the establishment of American 
bases in the Canbbean andlhedisturbcdconditionsintheOnent diseases 
associated with warm climates assume added importance The present 
war has Ukewise emphasized anew the importance of tropical diseases in 
the Near East and Africa 

The remarkable excellence and success which previous editions of this 
text book written by Admiral Stitt, have attained are well lecognixcd bj 
practically all workers in the field of tropical medicine The writer 
realjxes the difficulties, or perhaps the impossibility of attaimng the 
success reached m previous editions Nevertheless be has felt the task 
to be impeiati\e that this American text book on the subject should be 
retained and that tbe present knowledge of the subject should be summa 
rued and made available at this time of emergency 
Harvard Umvtisrrv RICHARD P STRONG 

Auimi 1941 

The demand for the 194^ edition of this uork has exhausted the issue 
and a reprint has become necessary The writer feeU deeply mdebted 
to tbe members of tbe medical profession who have expressed their 
approval of tbe book and for tbe support and interest thev have displayed 
m it In connection with this reprint be wishes to add his thanks espe* 
aally to Colonel James S Simmons Chief Preventive Medicine Division 
Office of The Surgeon General, United States Army and to Colonel 
George R Callender Director of the Army Medical School and Assistant 
Commandant ^rmy Medical Center for much advice and assistance 
He IS also very grateful to Lt Colonel W Komp Senior Medical Entomol 
ogist United States I ubhc Health Service and to Lt Colonel Paul F 
Russell Division of Preventive hledicine. Office of The Surgeon General 
for much advice and help m the classification and identification of 
mosquitoes particularly in regard to the prevention of malana 

In the discussion of tetanus be is also much indebted to Colonel 
Stanhope Bayne Jones Assistant Director Preventive Medicine Division 
Office of The Surgeon General who e recent investigations and eiperunen 
tal work have led to a modification of some of the previous ideas regarding 
this disease The writer is also very grateful to Admiral F R Stitt 
and Captain E G Hakansson Bureau of Mcdicme and Surgery United 
States Vavj for their continued interest m the book 

In this rcprmt the important investigations carried out especially 
during the past year have been added 
Aun Mxsical ScBooi RimiAFD P Strong 

DMtnitf s 
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the first five editions I had the assista-Qce of Rear Admiral H W Smith 
of the Naval Medical Corps 

This new (sixth) edition is really a new book largely rewritten and 
made a book of reference by qxiotuig recent research, and presenting a 
rather complete bibliography Fiirtb<riaofe the prevention of disease 
has been stressed so that the title of the book has been changed from 
Diagnostics and Treatment of Tropical Disease to Diagnosis Pre 
vention and Treatment of Tropical Diseases 

The new edition is the work of Doctor Strong and hjs colleagues in 
the Department of Tropical Mediane of Harvard University 

in 1931 It was necessary lot me to prepare a new edition of the com 
panion volume to this nanaal — Practical Bactenology, Haematology 
and Animal Parasitology I soon found that I lacked the energetic 
enthusiasm for new things so necessary for keeping abreast of research 
work and best retained when one is irt touch with students I was for 
tunate m obtaining the cooperation of Poctor Paul W Clough and Doctor 
Mildred C Clough of Johns Hopkins University and, with the rewriting 
of this book, 1 have been equally fortunate m persuading Doctor Strong 
to take on the revision 
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DISEASES DUE TO PROTOZOA 


Chapter I 
MALARIA 

From the standpoint o! prevalence malaria appears to be the most 
important of all diseases in the world today In a study b> the Health 
OrganuatioD of the League of Nations into The Quvitne Reqmremettls e/ 
\IolarialCoutttrieiondthe\ioTldPrevolertceo/Ma!orto (193*) thereports 
from 6$ countries showed that a total of 17 750 760 cases of malaria were 
treated during the year of the stud) The proportion of rases of malaria 
treated to the population and to the total number of individuals with 
other diseases treated affords a valuable index of the prevalence of 
malaria m countries in which a highly developed medical service exists 
Howe%er the number treated obviously does not give a complete idea of 
the number actually existing and in certain tropical countries tt is imptac 
ticabte to make complete surveys Nevertheless we know that in 
Indo-China Ce>lon the Straits Settlements and the Federated Malay 
States malaria alone has accounted for from at least 10 to 56 9 per cent 
of the cases of infectious disease treated in hospitals or dispensaries 

The number of cases treated also reflects the extent of the anti malarial 
work conducted in some countries especially when the quantit) of quinine 
dispensed is taken into account In India for instance out of 100 000 
000 malaria cases which is considered by the Malarial Commission to be a 
moderate estimate only from eight to ten millions were treated the 
quantity of quinine distributed not exceedmg an average of a grams per 
annum per case The condition m India is cited because it is the largest 
of the malarial countries (with a population of some 353 000 000) for 
which fairly full particulars have been obtainable but there are a number 
of other countries in which the prevalence of the disease and the conditions 
of treatment are somewhat similar Other figures show that more than 
three million deaths from fever have been notified every year in India 
The severity of malaria is also emphasized b) the virulent outbreak which 
occurred m Ceylon in 1934-33 which 66 704 persons were reported to 
have succumbed Its prevalence m British colonial territories is shown b) 
the report of Granville Edge (1937) that during 1933 among some 
61 000 000 inhabitants more than 6 300 000 cases of malaria were treated 
at the various medical centers contr^ed by the several colonial govern 
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from the bite of such an infected mosquito Clinically malaria is char 
acteriied by periodic attacks of fc\er associated with anaemia and enlarge 
ment of the spleen and if untreated with cachexia and a deposit of black 
pigment in the \arious organs The malady is amenable to treatment 
with quinine and several other synthetic compounds inimical to the life 
of the parasite 

At least 5 species of the genus Plasmodtum are recognised as pathogenic 
for man the 3 important species being (i) Plasmodtum vtvax giving rise 
to tertian or benign tertian malaria (2) P malanae to quartan malaria 
(3^ P falaparum to malignant tertian (subtertian or aestivo autumnal) 
fever A fourth and much rarer species P male having several features 
in common with P vtvax and P molartae produces a very mild form of 
tertian malaria in man In addition a fifth species P knenilesi normally 
a parasite of the rhesus monkey has on many occasions been successfully 
inoculated into man particularly in the treatment of general paresis with 
the production of malarial attacks usually of a mild character 

The validity and pathogenesis of these species has been pro\cd not 
only by their distinctive morphologic characters but also by direct 
inoculation into man and by their mosquito transmission 

History and GeociupmcAL Distribution 
History — hlalaria was formerly supposed to be due to poisonous 
emanations from damp ground hence the term malaria introduced 
into English literature about 1829 Hippocrates 46^370 B C in his 
book on epidemics noted the existence of periodic fevers divided them 
into quotidian tertian quartan and subtertian and referred to the 
enlarged spleen Celsus recognized * types of tertian fever one benign 
and similar to quartan fever the other m which the attack, is of longer 
duration and far more severe in character the fever occupying 36 of the 48 
hours and not entirely subsiding in the remissions but being onlj 
mitigated 

Columella about i 6 B C suggested that the virus of malana emanated from 
marshes and associated the di ease with inseets originating in them which attacked 
man m swarms Also in the time of Caesar views were erpressed by Varro that awamp 
air might be the cause of malana and furthermore (hat animals so small that the eye 
could not follow them might transmit diseases by way of the mouth or nose In view 
of our present knowledge it is remarkable that Luicisi iniriS should have associated 
marshes with the development of gnats which msects he thought could not only intro 
duce with their proboscides the putiifyiog organic matter of such swamps but animalcu 
les as well 

Ini6jg Countess del Chincfaon wile of the Viceroy of Peru was cured 0! an mter 
mittent fever by treatment with the bark of A cetUin tree which bark was introduced 
into Europe in 1640 Linn^ who named the genus of qu nine producing trees about 
100 years later left out the first b m the name hence the mistaken spelling CincA no 
VV bile Morton and Sydenham in 1M6 noted the specific action of cinchona in dif 
ferentiitiog certa n fevers t remained for Torti m 171a by the use of this drug to 
differentiate more completely those fevers which were cured by cinchona from those 
which fa led to yield to this specific In giving the drug Totti used large doses the first 
3 days After that he adm n stered smaller doses {or t or 3 weeks Quinine was not 
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menu and that this di^ea ft alone tvas responsible for approximateJ) 
2$ per cent of the total cases among in patients and out patients treated 
for aU causes of lU health 

In the western hemisphere m manj- areas jn South America where 
malaria pre\ ails so w idclv it sliH the disease which occasions the greatest 
mortality The Oswaldo Cru- Commission reported that in the regions 
along the Rjo Negro Brazil it was difficult to find a single individual who 
did not shan- signs of chronic malanal infection Souza Araujo regards 
the depopulation of manj regions to Amazonas as largely due to the great 
mortality from malaria 

In the southern United States, also where we have no very reliable 
records of the number of malana cases that evist, the malaria mortalitj 
rale has been reported by Faust (JW®) as fugber than it was ten years ago 
and he believes that malaria is extending m this country from beavilv 
endemic foci into areas not significantly malarious a decade ago 

The llalaria Committee of the Pan African Conference, at the end of 
1935 emphasized that, v, ith the etception of certain highland areas and a 
largo region comprising the more southerly parts of the Union of South 
Africa malaria occurs throughout almost the whole of the African conti 
nent and aSects man> mdltons of the population It occupies one of the 
foremost places— if, ind«<d not the foreniti«t— among the infectivediscases 
of Africa as a cause of mortality and morbiditv m tne indigeooua popu 
lation, and as such it plaj s an outstanding part in hindering the progress 
end social development of these peoples and m retarding the advancement 
of industry and trade 

Bo>d (1930) points out that to the welfare of the human race malaria 
presents a problem of the fint magnitude whether considered from the 
viewpoint of range of distribution of morbidity of of mortality As a 
cause of morbidiiy it is the peer of aU other infections and as a cau«e of 
mortaht> it is formidable Hence malana. which has for centuries held 
first place ;o prevalence and importance among the general communal 
di eases must still be con idered as one of the most important from both a 
medical and a public health standpoint Ilackelt and Russell (1938) 
stress the fact that rural malana especially in the tropics is one of the 
principal unsolved problems m the field of public health 

Sykoxyms A^D Defimtion 

Synonyms — Mar«h miasma Rermtlent fever Intermittent fever 
Ague Paludism Jungle fever French Paluiifsnte German 
If (ckselfeber 

De^hon — ^{a^arla (from the coHoquial Italian t»a!a ' bad and 
ana air) is an infection ebaracterued by certain febrile disturbances 
caused b) protozoan parasites of the class Spobozoa and of the famiU 
PLASVODiiOAE Man is the intermediate host of these parasites which 
undergo an asexual stage of development la the red corpuscles The 
parasite undergoes a sejual phase of development in the Anppiitlis 
mosquito which is hence the defimtive host Man acquires infection 
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from the bite of such an infected mosquito Clinically malaria is char 
acterized by periodic attacks of fe\er associated with anaemia and enlarge 
ment of the spleen, and if untreated nith cachexia and a deposit of black 
pigment m the various organs The malady is amenable to treatment 
with quinine and se\ eral other synthetic compounds inimical to the life 
of the parasite 

At least s species of the genus P/aiwodittw are recognized as pathogenic 
for man the 3 important species being (i) Plasmodium titar giving rise 
to tertian or benign tertian malaria (a) P malanae to quartan malaria 
(3) P falctparum to malignant tertian (subtertian or aestivO'autumnal) 
fever A fourth and much rarer species P ovale having several features 
in common withi* vtvax and P malartae produces a very mild form of 
tertian malaria in man In addition a fifth species P knoulesi normally 
a parasite of the rhesus monkey has on many occasions been successfully 
inoculated into man particularlj in the treatment of general paresis with 
the production of malarial attacks usually of a mild character 

The validity and pathogenesis of these species has been proved not 
only by their distinctive morphologic characters but also b> direct 
inoculation into man and by their mosquito transmission 

History avd GEOORAwncAL Distribution 
History — Malaria nas formerly supposed to be due to poisonous 
emanations from damp ground hence the term malaria introduced 
into English literature about 1829 Hippocrates 460-370 B C in his 
book on epidemics noted the existence of periodic fevers divided them 
into quotidian tertian quartan and subtertian and referred to the 
enlarged spleen Celsus recognized * types of tertian fever one benign 
and similar to quartan fever the other in which the attack 1$ of longer 
duration and far mare sev ere in character the fever occupying 360! the 48 
hours and not entirely subsiding in the remissions but being only 
mitigated 

Columella about 116 It C suggested that the virus ol mslana emanated from 
marshes and associated the di ease with insects onginatiog m them which attacked 
man m swarms Also m the time of Caesar views were expressed by \ trro that swamp 
air might be the cause of malana and furthermore that animals so small that the eye 
could not follow them might transmit diseases by way of the mouth or cose In view 
of our present knowl dge it is remarkable that Lancisi 10 1718 should have associated 
marshes with the development of gnats which insects be thought could not only intro 
duce with their proboscides the putrifyineoicanic natter of such swamps but animalcu 
les as welt 

In 1638 Countess del Chinchon w fe of the Viceroy of I cru was cured of an inter 
mittent fever by treatment with the bark of a certau tree which bark was introduced 
into Europe in 1640 Linn< who named the genus of quinine producing trees about 
100 years later left out the first b m the name hence the mistaken spelling CiwAana 
While Morton and Sydenham 10 1666 noted the specific action of cinchona in dif 
ferentiating certain fevers it remained for Tbrti m t7is by the use of this drug to 
diBerentiate more completely those feven which were cured by cmchona from those 
which failed to yield to this specific In pving the drug Torti used large doses the first 
3 days After that he administe rd smaller doses for a or 3 weeks Quinine was not 
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estrtctcd and introduwd into prsettce ontd after i8jo Audouard in 1803 was thr 
first to draw definite attention to the s{dnuc enlargement of malaria 

NoU 1848 and Beaupetthuis 1853 expressed views as to the transmission of 
maJana and yellow fever by insects and Pobert Koch also appears to have conjectured 
that the infeetion could be caused by the bite of a blood sucking insect Indeed the 
natives of parts ol Africa apfdied the same name ( Mbu ) to the insect and to the 
disease 

In 1S47 ^feckel announced that the dark color of maUrial organs was due to a 
pigment and m 1848 Virchow noted that Uis pigment was intraceiluUr In 1875 
Kelsch observed pigmented bodies in malanat Wood and in 1880 came to the conclusion 
that these pigmented cells were diagnostic of roakna 

The Dtecnery of the Parastle — ^The veat i68o was a most important 
one in the historj of maUna for on November 6 1880 Laveran at 
Constanlme first tecogtiived the parasites of malaria while carrying on 
investigations as to the origin of the ‘ pigmented bodies’ and pigmented 
leucocytes He observed not only spherical pigmented bodies but also 
crescents and in particular the flagellation of the male gamete, which 
demonstrated to him that these n ere living organisms Heproposed the 
name Oseiflana malarsae on account of the movements of the flagellate 
bodv hut this had to be dropped as not valid the generic name Oscuhria 
having been previou ly apph^ to another organism 

When these bodies were demoostrsted to various Itiliaa authorities m 1883 they 
were thought by them to be degenerated md cells At tbu time the Itahsos lafiueneed 
by the work ol Pasteur were coDvmced that an orgaiusm Bantlut malanat reported 
by Klebs and Crudeh (1879) to have b*eo isobied from water and sod of maUtious 
districts was the cause 0! mal via This bacillus was said to be cultivable on ordinary 
media and to be capable when injected into man of producing malans 

By 1883 the Italians became cottvin«.ed that the bodies discovered by Laveran were 
the cause of maUna and hfarchiafava by staining with methylene blue noted the 
ling forms and then increase in sue up to that of the sporulaung parasites ('olgi dis 
coverednotonty that the malarial parorysm coincides with tfaepeiiod when thesporuUt 
ing forms (metocytes) simultaneously reach maturity but also the exact working out 
of the cycl of quartan malaria He even showed three stages of development of the 
parasites 10 a triple quartan To Golp Marchiafava and Celh we owe our first knowrf 
edge of the existence of different species of parasites (or different kinds of malaria In 
these investigations they showed that as a ruk a certain type of malana could be pro 
duced by the blood of such a case of malana into a well man Gerhardt in 

1SS4 rvasthefirsttoproducemalanabytheinjectionotmaUnalblood Attbispenod 
a great deal of research was earned on as to the origin o! roalanal parasites and it was 
found that many snimafs harbored parasites somewhat similar to the malarial parasites 
of man In tSgr the chromatja staming method of Romaaowsky was introduced 
which by bfingme out the variations ui chromatin distribution led to more accurate 
study of species and cycles 

Our present exact knowledge as to the eaisten « of 3 common species of maJana is 
largely due to the careful esanunatwos made by Koch of fresh and aiaioed walanal 
blood preparationa 

TfontmiMton —In 1894 Manson formulated the hypothesis 
of the mosquito transmission of tnalana He based this upon facts he 
observed in tracing the life hisloty of fiUna and upon the fact that in 
malaria the fiageUatioa of the male gametocyte does not tale place for 
several minutes after the temov^ of the bfood from the peripheral orcu 
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lation He also suggested thatlanaemightfeed upon infected mosquitoes 
dying upon the water and thus acquire the disease 

Ross for 2 years caused mosquitoes to feed upon the blood of malarial 
patients which contained crescents but as he used insects of the genera 
Culex and Aedes no development of the parasites in the tissues of the 
mosquitoes occurred In 1897 he used eight dappled wing mosquitoes 
{Anopheles stephensi) and m 3 of these upon dissection he noted the 
development of the pigmentary bodies to be different from anything he 
had observed in hundreds of dissections of other mosquitoes 

In 1886 Metschnikoff from observation of sporulatmg parasites m the 
brain capillaries at the autopsy of a malarial case considered them to be 
coccidial m nature In 1892 PfeifTer studying the Coccidia showed that 
there was an endogenous cycle going on in the epithelial cells as well as the 
long known exogenous cycle connected with the ingestion of oocysts 
passmg out in the faeces of an animal infected with coccidiosis He 
suggested that malaria might stmJarly have an exogenous cycle as well as 
the well known endogenous one Opie noted hyaline and granular forms 
of parasites in the blood of crows and MacCaUum working with this 
malaria like disease of birds illoUmdtum) observed the fecundation of a 
granular female parasite by the flagellum like process of the hyaline male 
cell 

In sSgS m India working with a malanal disease of spatrows (due to 
Plasmodxunt pratcox) Ross infected 33 out of 38 healthy sparrows by 
mosquitoes of the genus Ctdex which bad previously fed on sick sparrows 
He noted in the cuhcine mosquito employ^ for transmission the complete 
cycle of development of the parasite and this cycle was subsequently 
worked out for human malaria in anophehne mosquitoes {AnopkeUx 
macuhpennts) by Grassi and Bignami in Italy 

Koch demonstrated that the malaria like infections of other animals 
had no part m the causation of human mabna and that the malarial 
parasite could only circulate between man and certain mosquitoes 

In order to demonstrate conclusively the connection between infected 
mosquitoes and malaria Sambon and Low lived for 3 of the most malarious 
months of 1900 in one of the most malarious sections of the Roman 
campagna in a mosquito screened hut and did not contract malaria 
Infected mosquitoes were also sent to London from Italy and allowed to 
feed upon Dr P T MansonandMr Geoige \\arren After a period of 
incubation these volunteers came down with typical malaria with 
parasites m the blood As Manson has stated from these scientific 
observations the mosquito malaria theory passed from the region of con 
jecture into that of fact 

Geographical Distribution and Prevalence — Malana is widely dis- 
tributed over all parts of the tropical and subtropical world and over 
many more temperate regions as is illustrated roughly id Fig x It is 
prevalent between 45 N and 40 S latitude However the indigenous 
malaria belt m the different continents may be said to extend from 60 N 
in Europe (Lake Ladoga Russia and southern Sweden) 10308 in Africa 
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(Natal), to 40 S m South Ameiica (Argentina), and rarely to so*S in 
Australia i,Queensland) The prevalence of the different species vanes 
somevihat geographicallj Plasmodxum twor is the most widely distnb 
uted through these areas and is the ptesaiimg speaes m the temperate 
zones P malame is comparatively tare It is more a parasite of 
temperate and subtropical areas than of the true tropics, but in both it 
has a very limited distribution P /a/ct/>arii»i, the subtertian or malignant 
tertian parasite, is especiallj encounter^ in badly infected districts m the 
warmer parts of the world hence the name tropical malaria It is the 
prevailing species m India southern China and Central Africa It is 
much rarer in temperate climates as m northern Europe 

In Europe, although thousands of malaria carriers returned to England 
from war areas, and A nacuft^ennir (the aimmon transmitter in Europe) 
is prevalent m many sections of England there have been verv few 
indigenous malarial infections reported, except m the low Ivmg parts 
of Essex and Kent The mean temperature of England being too low 
for the development of malignant tertian zvgotes, benign tertian (P 
vita* infection) is the onlv form of malaria to be suspected as originating 
in that country Patients with malignant tertian malaria seen m Eng 
land must have contracted the primary infection elsewhere 

In North Holland benign tertian malaria is an important disease In 
Holland the transtniUing mosquito A macuUpennu is repotted to prefer 
animal blood, so that during the warmer esson it frequents cattle barns 
while in the colder months it returns to human habitations where it 
remains consiantU and conveys infections actively until December 
Hence destruction of fettle Anophelts found in houses during the 
winter is recommended as the best measure of protection Swellengrebel 
and deBuck (1938) emphasize that the malaria problem m the Nether 
lands is now serious as each new territory reclaimed from the sea adds 
a new focus and the mosquitoes breed profu ely m the ditches draining 
the land which is low and full of canals A short winged race of macJifi 
penms {atropartus) the vector of most importance breeds best in water 
of rather high salinity It is believed satisfactory control will probably 
come only wben the canals are so diluted and flushed with fresh water 
that this short winged anopheles is largely eliminated 

Severe epidemics of maUna have occurred in Denmark and in northern 
Germany in earlier y ears Other important centers for malaria in Europe 
ate southern Spam and Italy and the islands of Corsica and Sicily * 
During the World War! the Balkan States and especially Macedonia 
were dangerous centers for malaria The mosquito hosts were A macuU 
pennss and A superp%ctus All j species of malaria were repotted but it 
was the malignant tertian infections which gave rise to so much serious 
illness in Macedonia 

Salonica and the Danube marshes were also highly malarious Russia 
is intensely malarious espeaally la tiic southern parts Tsrassevifch 
repotted infections above 15 per cent even m Petrograd where A 
mj«di/e«»rt seemed to be the camw Drboblav (1936) has also reported 
Its prevalence la Hungary and in sub Carpathia from 1925 1 ® *936 

Pampina sUtM that Gteece wpeoaOy I pinii is the fliiMt milarrous country m 
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In Asia Minor especially Palestine malarta has prevailed extensively 
for many years and during the War the control of this infection became 
a great problem There were man> anopheline species and all types of 
malaria were present Demgn tertian was prevalent from February to 
June and malignant tertian from October to December Reports gave 
about 5 per cent of infection for the Jews and 15 per cent for the Arabs 
In recent years AnophtUi eluha has been the commonest transmitter 
in Palestine (Barber and Rice 1935) 

While we have no accurate statistics regarding malaria m China 
Gear (1940) has found from a survey that every hospital in China reported 
the presence of malaria 

Williams (1941) reports that malignant tertian malaria has been very 
prevalent in \unan Province since 1935 and in the summer of 1939 
made disastrous inroads on hundreds of thousands of Chinese employed 
as laborers on the Chma Burma highway 

In the United States the principal endemic area is m the southeastern 
states east of the line marking the mean annual precipitation of 30 inches 
(Boyd 1939) Toward the interior it is largely delimited by the division 
between the Atlantic coast plain and the Piedmont plateau but it has 
extended m the past along the Atlantic coast as far north as Boston In 
the northern portion of this range except in imported cases tertian 
malaria has been almost the sole form encountered a few cases of quartan 
occurring South of Chesapeake Bay much aestivo-autumnal malaria 
has been observed Malaria does not appear to be normally endemic in 
the Piedmont plateau although extensive epidemics have been observed 
about the h>io-e\ectnc mpouwdings a cause tecentl> of considetablc 
concern to public health authorities 

In earlier years the endemic area extended considerably to the north 
occupying the whole of the upper vallej of the Mississippi and southern 
Canada as far north as the summer isotherm of 70 F Durmg the past 
fifty years however the disease bas almost entirely receded from this 
area Minor endemic areas are still to be found in the irrigated regions 
of New Mexico the central valley of California the valley of the Sacra 
mento as far as 40 N and the valley of the Columbia River In Cali 
forma in 1938 358 cases were reported and m 1939 284 cases (Reed 
1940) 

In the endemic areas in the southeastern states fairly intense epidemics 
of malaria still occur at irregular intervak dunng the summer and autumn 
months They vary greatly in seventy jet maj be very prostrating to a 
community and may cause considerable mortality usually due to the 
aestivo-autumnal parasite 

Extensive anti malaria operations m the last 15-18 years have eluni 
nated endemic malaria from most aties and towns of this area but it 
contmues to be a very important medical and public health problem in 
many rural communities and small towns as emphasized by Melenej 
(1937) and Boyd (1939) 

It is unfortunate that we have no accurate statistics of the cases of 
malaria which occur annually tn the Umted States Only with reference 
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to the mortalu> of malaria in the southern states can ive obtain some 
idea of Its prevalence and seriousness Chandler (1940) estimates from 
the death rate that there may perhaps have been a million cases m the 
United States in 1936, on the basis that there are from co to 500 cases of 
malaria for each death, and the Metropolitan Life Insurance Coropan> 
estimated that there nere 900 ooo cases in the United States in 1935 In 
the United States m 1934 Mclcncy reported that there were 3900 deaths 
from malarw 10 ij southern states, and in 1935 there were 4435 deaths 
In 193s according to 'McKuiley in 15 states there were $4 300 cases of 
malaria reporled which however, gives little idea of the number of cases 
of the disease that existed In 11 of the southern states malaria still 
remains a major public health problem and in a few a leading cause of 
death 

Faust (1940) has summarized the reports of the Departments of Health 
of the malaria mortality of fourteen of the southern states with a popula 
tion approximating 35 000 000 This mortality has vaned considerably 
in the different states m different years Thus in 1935 the average 
moitabty was ii per 100 000, or 4 4 per cent higher per leo ooo than jij 
1931 However iti 1938 the death rate had fallen again to 5 8 In some 
of the states there was an increased mortality, m others a decreased one 

Thus in 3 states— Georgia North Carolina and Oklahoma— there was 
an increased prevalence m 1936 The disease was apparently more 
prevalent m the coastal portions of Georgia South Carolina North 
Carolina and Virginia 10 the southern half of Alabama, and the north 
central part of Florida and in Louisiana Infection was apparently 
extending into the highhnds of the Carolinas and into the northern part of 
Alabama On the other hand the Mississippi delta repotted considerably 
fewer maUria deaths in 1936 In 1938 the death rate was considerably 
lower in Georgia but higher m Alabama Kentucky Louisiana, Oklahoma 
and Tennessee. For the general distribution see map Fig ■» Uhile 
Tennessee is not one of the worst malarial states it has had for a number 
of years over •’oa deaths annually from this disease There are over 
200 southern counties in which there has been a death rate of *5 or more 
per too Ooo between 1933-37 In 3 states — Arkansas Florida and 
South Carolina — a large percentage of the population lives in the severelv 
afflicted counties 

The figures show that there was a higher average malaria mortality 
observed in the southern United Stales in I93S-36 than there was 10 years 
before w ith rmlana extending into areas in which this disease w as then of 
little importance The factors influencing this trend and the cyclic 
fluctuations of malaria mortality in the United Stales are not known 
Malaria has recently become an increasing menace to life and to economic 
development in certain sections of the southern states However recently 
there hav e been increased cHorts to control the disease and w hile it has not 
yet bevn adequately attacked m some localities the most recent reports 
show 1 gradual derlme in many areas Nichols (1943) «hons that since 
193 there has been a continued decrease m mortality In 1940 it was 
t I per hundred thousand 
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The tcansmission of malaria north ot the latitude of the Ohio River in Uie United 
Mates IS today unusual TIowtvee Butts (lujjl observed an outbreak of iso case® in 
Camden County N j allot thecasesbeingdue to mfecuons withR toniz Between 
191a and 1934 there had been a total of only 61 cases of malaria reported in Camden 
Countv 

TropicoJ iJegrotiJ — Malana has been so generally reported from all 
mhabiied tropical areas that it would seem worth while to mention only a 
few of the very highly malarious sections India already has been con 
sidered In Afnca many areas m the north are verv malarious and it is 
very prevalent in West Afnca and n Senegal and the Belgian Congo 
where malignant tertian rates often tun up beyond 90 per cent the per 
centage of infected children being usually cspeciailv high In I^bena 
Shattuck the writer and their associates m 1928, found in a single 
microscopical examination the rate of infection as high as 86 per cent 

In 49 boys examined up to 7 times tn Stem Leone by McDonald gSper cent shoned 
maUrul parasites In Nyasslind it has been estimated (hat from 4 to 9 out of every 
10 thildien die before they are 6 years old largely because of mahna 

The southern geographical extension of malaria as intimated is far more limited 
than that in the northern henusphere It exists as far south as Nivlh Oueensland in 
Australia and has occurred though ratelv in South Queensland at so S In South 
Afnca tt extends to Natal at 30 S while in ^uth America it reaches to ae S or the 
southern part of Atgentia (Batua Blancol 

South Amrtco — OqIj a few of the worst malarial centers m South 
Amend wiU be referred to In Brant malaria is the most prevalent and 
most serious disease of Amatoma Different investigations along the Rio 
Negro have revealed that almost everj inhabitant shows signs either of 
acute ot chronic malarial infection Sousa Araujo states that m the city 
ofPata mtomonihs of6909examinaUonsoibiood3T4o or4S4percent 
were positive for malaria In further studies 

Ftaimodium nsas was found in 164$ Fhsitwl um fa/ft f arum m 1700 snd F <tm 9 
dtum ne!ana$ iD >7 Tbe proportion of smI gnant tertian {Plaiwi^ua falcifarumi 
was 34 pti cent and of benign tertian IPfownoiftum Meat) 46 per cent He points out 
that maUna is much mote setious m Pan than in the southern BTarihin States and 
that a Urge ptoj oition of the population acquires the infection shortly after birth and 
dies of It in infancy ot early chUdbood He has tarely found an individual m this region 
who has not had or who does not have malana The evidences of chronic maUrial 
infection may be seen in the fact that (he individual is robbed of bis physical ability as 
well as of his inteUigeuce and that be betomes depressed inactive and apathetic towards 
ibe struggle of life The depopoUUon of many regions in Atnaroma is largely due to 
tbe great moitalitv from malana 

Chagas points out that the vaTky of the River Atnaaon is without doubt, tbe region 
of Braid where malana presents its most severe types and is most Intense as the mean 
conditions of temperature and of almosphenc hnmifity are optimum for tbe exogenous 
evolution of the plasmodiuro deternuaiDg the high infecting power of the transmitter 

Uchoa in the Report of the Nalwjixl Department of Publu Health of Bran! gives 
figures which obviously imply that veiy few days ever pass in the aty of Jfsnaw with 

out at least one death from raatana although there 11 evidently no diffcuJtyinobtaimag 

DUiwne /laujo Lima also states that in the suburbs about Maoaos practically all of 
the inhabitants are dironictUy impaJudated 

The lower Rio Branco is probably one of the w orst malaria! regions m 
the R orld and it w vs m this regioo that a member of one of our expeditions 
Dr Theodore Koch Grunberg the emuient anthropologist lost his life 
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from malaria On the other hand the territory of the upper Rio Branco 
as well as all the mountainous areas are fairly healthy regions All 
through the regions of the Rio Negro and lower Rio Branco there are 
unusual opportunities for the breeding of Anophtlet, of which the moro 
coca (formerly reported as -Irto/ArfcJ/ii/fuKaca/ahd) is the most common 
species Hence it is evident why malaria prevails to such an extent 
DavLi (1934) on tbe examination of zg 593 speamens of liven from persons dying 
m central or northern Brazil found the highest rates of malarial infection occurred in 
tbe states of Para Amaaona and Bahia m the order given The lowest rate was in 
Ceara In 1938 in certain areas in Brazil where the infection was spread by the 
African Anopktlts gambiat go per cent of the population was found infected with a 
10 per cent mortality 

In British Guiana according to the report of its Surgeon General in 1936 malaria 
also continues to be the most uopotiant disease in (he (^lony not ooly from the stand 
point of causing tbe highest nu nber of deaths but because of its crippling effects on (he 
community The majority of tbe idhabiiants preserve a high degree of apathy towards 
It and Its prevention \ear by year they suffer from repeated attaeJts since very few 
will undertake energetic treatment and still fewer voluntarily attempt any preventive 
measures in their dwelliog or on tbeir o«o land 

It IS interesting to note that in Panama where such extensive anti 
malarial public health \v ork has been in progress for many years Callender 
and Gentzkow (1038) and '^iinmons (1939) report that the malaria 
incidence in the U & troops at Panama is the highest in the Army and over 
three times that of the employees of the Panama Canal Also that it has 
not decreased appreciably in the past decade This high rate is apparently 
due to the exposure of men in unsamtated areas during military operations 

Dunng the year there were s*S pnmsry malaria casts in a body of soldiers whose 
mean annual strength was 13 31S ara(t per thousand per an umof394 Theratefor 
malaria in all Canal employees for tbe same period was iz e Anofiiele altimanuj is 
undoubtedly the most important malarial vector id Panama as it has recently been 
reported to be in other parts of Central America notably Guatemala Puerto Rico 
and elsewhere However bimmons points out (bat d p crimacufo is also an impor 
tant vector in the Canal Zone especially in unsamtated areas 

Clack and Romp (rpyS) in the seventh year of their obser ationsm tbe unsamtated 
area of the Panama Republic where nevertheless treatment had be n given in previous 
years found that 29 o per cent of S41 nativre adults and 41 4 per cent of 10 057 children 
harbored parasite During 1936-37 which was a year of low malarial incidence in 
682 positive examinations /a! tfia um was present la 73 percent i svin 13 9 percent 
and B ala lae in t 5 pec cent Mixed infections varied from o 7 to g s per cent 

It 13 an interesting f ct from the epidemiological viewpoint that Tahiti Hawaii 
Fiji the Gilbert and Elhce Islands Samoa the Leeward Islands and Marquesas in the 
Pacific are malaria free due to absence of anoph hnes while certain other islands of the 
South Pacific as the Solomons and Rew Hdmdes are badly infected GianviUe Edge 
( 937) reports that the S ycbelles and Rodn ue* Island are also free of endemic malaria 
nd anophelines Mauntius was for a long period f ee from malana but with the 
introduction of an ph lines it became a m far I e ter Brooks (1939' reports that 
D Mauritius tbe total number of patients admitted to bosp tals with malaria was 3158 
n m rease of ito over the previous year The case mort Lty was 386 per cent 
Parbados was also formerly regarded as malana free but m 1927 malana broke out in 
thi island apparently through the introducbon of X ali man rm the holds of trading 
h oners and through th importation of laborers from Cuba There was a serious 
epidemic of mahinant te tian malana wh w s al first ttpotled as typhoid fever the 
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lajbal cases sbciwjng votmung aad sometimes estty jaundite hut no ngors and no 
sp)«njc enlargetoeat Manson Baht (1940) tc(KiTU that ^ a imanus has sow been 
JargeJy eilermiDated jn Bathados awl Edg* <1937) also reports Barbados free of ano- 
phe’es and jualana Ascension and St He’ena have al 0 been said to be Malaria free 
islands In regard to the presence or absence o! Malana and Anopheles vn New Calc 
doaia authorities differ Buaton {igv) and more recently Mumlord (1943) have 
studied and repotted upon the disttibutun of Alalaria ja the Pacific I lands and Mum 
ford has pointe i out the danger of the spread of the disease from infected Islands dur 
mg the present World ar 


Etioiogv and Epidemiologv 

Ebology —The malanai parasites oi man arc classified m the order 
Haeniospondia of the class Sporoaoa and of the phylum Protozoa The 
systematic position of the Sporozoa as well as of the other classes of 
Protozoa infecting man is shown in the following table 


Ci\ssmcATJON oj Protozoa 


Class 

I Satcodma (Rhiropods) 

Move usually by means of proto 
pUsmtc projections called pseudo 
podia and aaltiply by binary 
(iiiu e la the active stage and by 
eneystattoB 


II Flagellata (Mastigophota) 

Move by means of undulating 
nembtanes or ffaiellum multiply 
by division of the body longi 
tudinaUyinio two 


Order Genus 
/Endaraoeba 

n,o.brf. 

\i> eijlamorba 


( Tncbomonss 
Chdomastix 
Bmbadomonas 
Fnteiomenas 
t»p\ozoa Giardia 


Species 

rE histolytica 
■^E coU 
l£ gingivabs 
£ nana 
I bUtscblii 
D fngibs 
rr gaatuense 
<T tbodensiense 
(T crtcaj 
^ donovau 
)L ufastum 
iL brazdieasis 
tropica 
IT booums 
|T vaginalis 
C mesmli 
F mtestmahs 

E koCEUBlS 

G Unblia 


in Irdusona (Cibatal 

Move by means of nutnerous fine 
cilia and glide about s»i/tly molb 
ply by transverse division of the 
b^y into two and also produce 
resistaiit cj’sts 
fV SpoTozoa 

These have no motor organs 
They bve patasiMcally m th^ cells 
or ti sues of other animals Re 
production by spores 


Ifetero' t Balantidium 
cnJiida <Nyilolhenis 


Cocci 


I Eimeria 
llsospora 


JIaemos~ 

pondia Plasmodium 


B coll 
N faba 


IE slierfae 


P malariae 
P falciparum 
P ovale 
P tnowlesi 


Satco- 

$pcndj» Sarcocysbs S tenells 

TheerUs Siiotoioa u charactw ed by iw method of reproduction by sponilation 
Beoroducivon may be aserual (by scbtfogony) or aeauaJ by the formation of stwrezoites 
la cysts There are no locomotor organs AH «)«ies ate parasitic within the cells 
tissues or body cavities 
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Order Haemospondia — Gametes unequal Sexual and asexual gen 
erations m unrelated hosts (arthropod vertebrate) Resistant spores 
usually absent Parasitic within blood cells 

IlAEUOSPORIOtA 

The order Haemosponilu lodudes the following genera Flctmodtum Ilaemepreieut 
{Ilaltertdiutn') Ltucoeytaoen Bahtsta TVlnteno and Haematrtian t The laalarial 
parasites are the only Ilaemospondia known (o cause disease in man 

Plasmodium (Laveran iSSo) —This genus u chiracterued by the invasion of red 
cells by the parasite ssitbin which both tchiaogony aod gametocyte formation take 
place by amoeboid movements by the production of pigment and by the extrusion of 
flagellum like processes (the nucrogametes) from the male sporoot which occurs after 
the blood is taken from the animal host and allowed to cool 

Some consider the malanal parasites as bcloQgiog to a genera Plasm^ um charac 
tenzed by round sexual forms and including P simx and P malartae and Laverania 
characterized by crescent shaped sexual forma and including but i species L mala la 
(P /aUipa um) that of aestivo autumnal malaria At piesent most protozoologists 
bold that a difference in the shape of the gamciocyies u not sufficient for a generic 
distinction particularly in view of the fact that both (be asexual and seTual life cycle 
are similar in all 3 species 

It IS behaved that the 3 common human species of malarial parasites can only exist 
in man as an intermediate host and in certain apecies of Anopk Us mesquitoei as 
definitive hoata It is the general behef also that nosquitoss of other genera are 
incapable of being infected with the Platuudnim causing human malaria and of trans 
Qitbng them to man Nevertbeles Wilbamson and ^ne (1937) have succeeded in 
infecting Cvfes 6 iI 4< (efkyxekur with P n*«t tai P /al iparum and doubtfully with 
P mo/e 104 kV'hde transmission of malana with Ibis presumptive eulicine host has 
not been accomphihed sporozoites in the tabvary gland were drmonsiraied 

MaJsrutl Infeebon in Anuniis —Infection with related speues of Ptasmei um has 
been demonstrated in other mammals especially monkeys and in birds The following 
species have been identified in reonfceys P retehtnaun resembhng P ftkipa urn in 
chimpanzees and gorillas P kocht in Afncao monkeys P inu« and P kn »/<rs in 
macacus monkeys in Corneo and P ptlhea to the orang-outang (but not macacus) 
in Borneo all these resembling P eirex P i onf tnum resembling P mala loe in 
many Central and South American monkeys ond F rodkani in chimpanzees in Africa 
A number of species of PlaimoJtum have been definitely estabhshed for birds 
Mosquitoes of the tribe Culici 1 (Culcx mosquitoes) serve as definitive hosts in the case 
of the malarial parasites of buds The first demoostrattoQ of the mosquito life cycle of 
the malarial parasite (Ross 189S) was m tbe case of prseioz of buds Grassland 
Bignani then proved the occurrenceof a similar cycle for the organism of human maUna 
HI inopk U mosquitoes 

llatmop elcus iad Ltieacyl ao» differ from iVa mod m chiefly m that schizogony 
occurs iQ the endotbeha] cells of (be capiOanes He gametocyles develop m the red 
cells producing pigment and esflagellatiog like Plasmad nm and they undergo a similar 
c>cle of development in the insect vccloi These parasites occur m birds and some 
cold blooded vertebrates ^\hen full grown the gametocyles are looped about the 
nucleus of the red cell bke a halter The first observation of fertilization of the macro 
gamete by the flagellum (hlacCaffum 1897) was in the case of a llaemoproUus 
inlectioo oi crows 

Relationship between Human Plasmodia and Those of Other Animals 
The fact that malaria is sometimes contracted in regions apparently 
uninhabited b> man has led certain mvestigators to beliexe that some 
of the lower animak maj harbor the human plasmodia and act as reservoirs 
of infection for man It has even been suggested that the chimpanzee 
may be in some instances susceptible to P vtvax and P falciparum infec 



rnoiooY 


iniUa\ cases showing vomiUag aai aomettmes eatly jaundice but no ngors and no 
splenic enlargement Manson Baht (1940) ceporU that ol6i»ianui has now been 
largely exterminated in Barbados and Edgt (1937) also reports Barbados free of ano- 
pheles and malaria Ascension and St Ilctena have also been sard to be ’MaUna free 
Islands In regard to the presence or absence ol Malaria and Anopheles in New Calc 
donia authorities differ Buxton and more recently Mumloid (1943) have 

studied and repotted upon the distribution ol Mabna m the Pacific Islands and Mum 
ford has pointed out the danger of the spread of the disease from infected Islands due 
vng the present \\ otid War 


Etiology and Epidemiology 

Etiology — The malarial parasites of man arc classified in the order 
Haemospondil of the class Spotozoa and of the phjluni Protozoa The 
systematic position of the Sporoaoa, as nel3 as of the other classes of 
Protozoa infecting man la shown in the following table 


{ Sarcodina (Rhuopoda) 


CtASsmcATioN OP Protozoa 

Class Order Genus 

/Endamoeba 


Move usually bj means of protcH . 

plasmie projections called p eudo* ■ Fndobroa* 

podia and multiply by binary jf^jj^pjoeba 


podia and multiply by binary 
fissure 10 the active stage and by 
encyiution 


II Flag Uata (Mastigophota) 

hlova by means of undulating 
membranes or ffsgeUum multiply 
b) divisioa ol the bodj' Jongr 
tudiRsUy into too 


(Dientameeba 

^TtvpaDosema 


I Cblomatux 
t Embadomooas 
lEnteromona* 
Ciardia 


Species 

rE hutolytica 
{E coll 
IE gmgival s 
E naoa 
I bUtschlii 
D fragilis 
IT gambiense 
|T thodenuense 
IT crun 
[L donovani 
|l (oftBtum 
|L brtziliensis 
IL. tropica 
(T hortunii 
vaginalis 
C mesnib 
E intestinabs 
£ bominis 
G lambha 


III Infusoria (Cihsta) 

fifove by means of numerous fine 
cilia and glide about switUv inolti 
ply by transverse division ol the 
b^y into two and also produce 
resistant cysts 

IV Spoiozoa 

These have no motor organs 
They hve parasiti aUy in the cells 
or tissues of other animals Re 
production fav spores 


Uetero JBalanUdium 
tncbtda JNyclotherus 


Cocci 


I Eimeria 
VIsospora 


Kaemos 

pondia Plasmodium 


B coll 
N faba 


IE stiedae 

I hotmnis 
P vivax 
P nulanae 
P falciparum 

P knowleai 


apondia Sarcocystis S tenella 



tissues or body cavities 
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from a pathological standpoint is to the effect that the> are not identical 
the disease produced in man b> the speaes from monkc> s being usuallj of 
a much milder nature 

Life History of the Malarial Parasite — All of the parasites belonging 
to the genus Plasmodium ha\c an asexual and a sexual cycle of develop 
ment The first known as the endogenous ode is passed in man and 
the process of reproduction during this cycle is called schizogony The 
second or sexual cjde known as the exogenous cycle is passed in some 
speaes of mosquito (though certain prehminary stages occur m the 
blood) the process of reproduction dunng this cycle being called spo 
rogony In the blood of man the plasmodia live within the red blood 
corpusdes and eventually destroy many of these cells In addition to 
the natural method of infection by the bite of the mosquito man may also 
be infected by the intravenous or subcutaneous injection of blood contain 
mg the parasite 

C^cis IN Man r Asexual Cycle {Schizogony) — ^In the normal 
transmission of malaria in man an infected mosquito at the time 

of feeding on the human blood introduces through a minute channel m its 
bypopharynx the infecting sporozoite of the sexual cy cle The sporozoite 
IS a slender slightly curv^ organism measuring from about xi^iS/U 
in length It tapers at both ends has an elongated nucleus and is devoid 
of pigment (Missiroli Knowles and DeMeiUon (1936) have observed 
nudear division and sometimes multiple nuclei m sporozoites in the mos 
quite ) It » capable of slight undulalory movement This falciform 
sporozoite after a xariable period of time enters the red cells assumes a 
rounded shape and is then known as a trophozoite 

It has generally been assumed partly on the basis of an observation by 
Schaudinn that after entering the blood vessel the sporozoite quickly 
penetrates a red cell Some investigators still incline to this belief and 
think that the period of incubation of malaria (often from io-'r4 days) 
depends upon the time necessary for the multiplication of a sufficient 
number of parasites in the blood to produce symptoms However there 
IS a large amount of evidence that following natural inoculations of man 
by sporozoites the parasites are not demonstrable in the circulation until 
after the lapse of at least several days Because treatment of a patient 
w ith quinine during the first $ days after the bite of the infected mosquito 
does not apparently reach and destroy the sporozoites and tbesporozoites 
are not visible in the blood or corpuscles dunng this period it has been 
suggested that they do not at once enter the red blood corpuscles 

Boyd and Stratman Thomas (1954) totuul that after heavy expenmenta] mfectioD 
with F vivax by bites of js infected mosquitoes the blood did not become infectious 
for a second individual by traDsfusian uutd the ninth day parasites being found to 
films on the eleventh day So)d and Mathews (1939) also found that after heavy 
expenmenul infection of another patunt a Negro (# i8 ) with P faletpa um his 
blood did not become infectious for another individual (fiSdj) by transfusion until 
about the 8th day parasites being found to the blood (of itsSi) in films on the loth 
day This suggests that the sporozoites may undergo a prehminary penod of develop 
ment la the tissues before invading the blood cells and beginni g active multiplication 
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tion Some of the species of malaria plasmodia occurring in monkeys are 
similar in morphology to the human species, and malaria in monkeys may 
be transmitted by anopheline mosquitoes Nevertheless, it has not been 
demonstrated that anj of the parasites of man are identical mth an> of 
the plasmodia of monkeys 

Reichenow (1937) who descnbtd 3 speoes of plasmodia of chimpanzees m the 
Cameroons considered them to be identical with the human species wax falciparum 
and truHanat Ho'nevet attempts in cathet years to transfer the human species to any 
of the loner animals have failed Single exceptions have been reported by Mesnil and 
Roubaud (ipio) who chimed to have infect^ a chimpanzee with P vtvax while the 
Taliaferros (1934) reported tran milting P /ofci/ufBm to the howler moniey (AUrualta 
species) in Panama The infection was transmitted from 9 human beings to 9 monkeys 
and sub inoculated from one monkey to another 

On the other hand Gonder and RodenwaWl and Blacklock and Adler all were 
unable to infect human beings by subcutaneous and intravenous inoculations of blood 
from a chimpanzee infected with P ietht Rodham and Xluylle (1938) have attempted 
to infect 3 patients requiring tnalana therapy with the riesx and falciparum type of 
the parasites of chimpanzees but also without success none of the patients contracting 
the infection hfore recently Rodham (1940) inoculated the blood of a chimpanzee 
haibonng P roih/iHi (resembling P malariae) into a human being sufienng with general 
paralysis Forty days later an attack of fever occurred with the malarial parasites 
present in blood £Ims 

However since the discovery of Plasmodtnm kncnikst and the first 
successful inoculation of this strain of monke> malaria to 3 human 
Nolunteers by K.nowles and Das Gupta m 1932 numerous other successful 
inoculations 0! this parasite into man have been made Van Rooyen and 
Pile (103s) in England Ciuca (1937) m Rumania and Milam and Kusch 
m New York (1038) ha%c succc!>sfully inoculated this parasite into man in 
the treatment of numerous cases of general paresis Milam and Kusch 
found that susceptibility appeared to be universal from studies of 29 white 
persons but in 6 negroes there was almost no response 

Milam and Coggeshall (1938) have also found negro pauents less suscepuble to 
P knoielest than white patients hence resistance to infection with tins parasite is 
evidently a racial factor The infection of man with this parasite often terminates 
without treatment 

The chmeal coarse of P inoa*»» tnalana m man very closely zeseoiWer that of 
P wio* tnalana the outstanding point being the shorter term of the former The 
number of paroxysms pet patient in Milam and Kusch s senes vaned from 2 to 13 
averaging 10 Only about one half of the patients experienced one or more defimte 
chills However in several esses it was necessary to administer quinine to the patients 
on account of the seventy of the clinical symptoms AU of these however responded 
promptly to treatment with quitune 

Rodham (1036) has shown that African monkeys (species of Cercopht 
thecjts and Papio) are especially subject to infection with this parasite 
which may cause the death of these amnials with symptoms of haemo 
globinuru Infection in rhesta monkeys with P knoultsi is 

mvaridbly fatal unless treated 

Ionesco Muhaiesti (1934) and his associates have also reported success- 
ful infection of 3 human volunteers with P im«i obtained from a baboon 
dying of this infection 

Hence it seems evident that some of the parasites of anthropoid apes 
and monkeys are closely related to those of man even though the evidence 
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js a tcndencj for the parasites to develop at nearij the same rate and to 
fall graduaU> mto (one or) two groups, ^ members of which show about 
the same stage of de\ elopraenl Spondatioa of all the parasites m the 
group thus occurs at about the same tune The onset of the malarial 
paroit>5m corresponds to the time of sporulation and is attributed to the 
sudden liberation into the blood of tow: sub tauces from the disintegrated 
ted cells 


3 Sexual Cycle —Sexud fomia (tam<tao<<>) apprac in the blood at varyios inter 
vaU alter fever baa started perhaps because coiuliUoiis become less favorable for con 



FiC 3 —Sexual fsporosony n m s<iu to) and oonsexual (t hixegony n m nt 
cycle of th natanst pa as C Tb tp rotony d asram at th 1 ft thowt ifi low r 
pottien th fertU ration of th 1 m l« ga o t by th m crogamete Tha v nai ulu 
tC g« of tb sygote bown b nng into th aratl of th mo‘(iu to a ttomach later to 
b come the nor naun ygol p k dwithspoi toit asshown nthaupperdaeram 
of tb d veloym ntal proc s S in the motnu to a tomach 


bbtied multipUcalioti They may b present fcoio the first in beugn tertian after a 
neck m acsCivo autumnxl a^mayappearootyafteTseveraluioaibsiaquattan They 
probablv develop Inm ptc-cxuUiig asexual para ilt 
The penod ol growth is about double that ot th 


sebuoGts but tbey probably do not b come matiiTe and 
infective until after a week or ten days The tue of a ' “"*• 

garaetocyte has been estimated at from JO to do days ~ f y 
The female mactogametocyte tends tobelugct stains n 'y 
more deeply blue and contains mote pigment but less ^ \ ^ 

chromaUo than tbe male microgaseto^te ,^1 j ^ 

SexuOt Cy It to (it ifospi to <5poreg ny) — \tben \ j 

blood containicg gametocytesis takfDsbtotbextoCjach \ " ' ir w 

of a suitable Anofhtlti mosquito the microgametecytt ' 

undergoes a proce^ of esfiagellatton. This some e ^ 

limes occurs and can be observed in fttA must blood p,g ^ — Sporoto t s 
films at room temperature Tbe pgiaeot shows very (After Gra j > 

acti e movement 1-ong slender bnlbons-upped 
dageOum like processes are gradually extiuded (tl c 

■RicrogsBjates} These show active laibing no cment and finally break away and 
swim about until tb y find a macrogametocyte Tbe latter after unieryoinj a 
nuclear reduction with the fo matioo ol polar bodim becomes a macrogairetc It u 
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LIFE llisxom OF PARASITES 


James conceived the idea that the tporoeoites injected by the mosquito are immedi 
attly earned to tie vwceral eircuUtWB where they are engiilfed hy tie ceiJs of the 
reticulo-endothelial system Here they nniltjpij' and produce sUges which are able 
to eater the red blood corpuscles and thw se«Ji the penpheral circulation la order 
to prove ihu hypothesis, seiera! species of avian malanal pansites were studied in 
birds The observaUons of James and Tate is England of Raffaele tn Italy of Hufl 
and Bloom and ^\arr<B sod CoggeshaM in the United Stales, of Kjfcuih in Germany 
and of Brumpt in France have shown that dunag the latter part of the scHtalled period 
of Boa ififeclivily of tie blood (m irii^ no pansites are visible by the microscope m 
the blood) birds nevertheless can be snfecird by loonihlion wiii a smali portion of the 
spleen liver or brain thus supporting the idea that the reticuliyendothebal system is 
parasitized during the prepatent ptnod 

However it has not yet been conchiuvety demonstrated that the sporozoite injected 
by the mosquito into the avian host u the immedate antecedeat of the parasite in the 
TtUculo-endotiei^ ceUs Nor is »t yet pernMisible to conclude that the asexual 
phases in the malanal parasite of the bird are ctatdy parsUe] to those which occur in 
tie plasmodia of man 

Thus Missitob reports that the sporoaoiles of F fretC6x leave the point of inocu 
lation in cananes through tie lymphatic vessels wvthio t to 5 minutes. Howevtr 
Boyd and Kitchen (ipjp) la a study foe the demoastratton of sporozoites sa human 
tissue found 04 hours after tie biting of numbers of infected mosquitoes tevera] 
eporozoites in one lymph node excised. These however were always in connective 
tissue sod never «i Ij-mpboid tissue The sporocoites were unaltered m appearance 
They remark that then expenments do not suggest that tie lymph passages are tie 
route by which the mam proportion cf sporozoites reach iheit destination 

The exo-erythrocj'tic schizogony to carefully studied for some species of plasmodia 
in birds has cot at yet been observed u human or even timtsn malaria! infection 
ffowever some of the forms seen la aviaa tnalana have been reported in infections 
with P »Mx and P faUtfarum in which larger non pigmentrd schisonts were found 
in endothelial ceils Huff sod rocler (1940) have cooplttely renewed the btenture 
on the subject to w bich the reader is referred for further infonaation. 

Hui! eta) (1943) suggests the term cryptozoiiefor tie first generation of nalanal 
parasite dcieloping from a sporozoite This stage u exoerythrocytic and may be a 
uninucleate form a mullinucleate form or a Kiixont If the parasite enters direct)> 
into (he red corjusete there s ould be no cry ptozoites in the cycle of such a penes 

In an> case the spofozwite after an interval enters a red cell It 
then assumes a somewhat round or utcgulat shape beconung a tropho 
zoite, and pxogressiveiy enlarges forming from the disintegrated haemo 
globin many fine granules of pigment haeiuozom fomerly regarded 
as melanin ^Vhc^ its nucleus begins to doelop it is known as a schuont 
As It approaches maturity (after 48-72 hours according to the species) 

It fills the greater part of the cell 'Hie pigment which has been scattered 
becomes clustered m the center of the parasite The nuclear chromatin 
of the schizont which has been relatively compact, divides into from 
S-32 minute particles which become scattered through the cytoplasm 
About these as centers the cytoplasm of the parasite divides into small 
spore like bodies (merozoites) The organism now termed a mcrocytc 
then ruptures liberating the merozoites into the plasma These seek 
out and penetrate fresh red cells and the cycle is repeated while the 
residual body of the merozoite with the CTDtained pigment is ingested 
by free endothelial cells of the Wood v«sek or by tvandering phagocytes 
usually large mononuclears (pigmented kucocytes) 

Multiplication in geometne progression goes on until after about two 
weeks (incubation period) a sulSaent number of parasites hasbeen pro 
duced to cause clinical symptoms It is estimated that there mustbe at 
least 200 per emm or about a bllion in the entire body As a rule there 
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prepared by Lt J J Sapero of the U S Naval Medical School Washing 
ton from original water color drawings the student will find an accurate 
representation of the parasites as they appear in stained blood films 

There are certain questions connected with the life history of the 
malarial parasite in man whtth are of interest 

I Intra nr fx/rareftuldr Loeot »n— It u usual to consider tte parasite as developing 
nithin a red cell and in this position destroying the ted cell Rowley Lawson how 
ever has maintained that the parasite# ttc eiclusively extra-cellular and that they 
adhere to the red cells hy loop-hhe pseudopodta uluch encircle a portion of the red 
cells and digest the haemoglohin of inch an area However this view is not generally 
accepted 

3 Ifo/Jrial fann — The exact nature of the tone material liberated at the time of 
the paroxysm is not known Rosenau * etpenments tend to show that a fever pro 
ducing toxin was thrown oQ at this lime The study of the pathology of malaru 
lodicates the haemolytic nature of the toxin and it is active both m the blood and bone 
marrow Brownauggested that thcpigmentproduccdby iheparasite initsmetaboh m 
of the haemoglobin of th red cell may act as a haemolysia he having found that 
intravenous (njections of haemaiin i ere capabk of producing marked anaemia It is 
well known that a far greater number ©I red tell art destroyed in a paroxysm than 
would be accounted for by the actual percentage of cells destroyed by parasites Tbe 
eodotb hal cells take up acuvely dus maUtial pigment or haemoaom aitd may be 
damaged by it Ilaematm inieetMos also tend to destroy leucocytes and plateleti 
Abrami regarded the paroxysm u an anaphylactic reaction precipitated by the libera 
lion of the malarial (foreign) (totem at sporulation This occurs tome hours before 
the cold itage wtucb he regards as a manifesutionof anaphylscuc shock A leukopema 
and a lowering of the blood pr ssure preceding the paroxysm are considered evidence 
of a haeraocUatie cnsis. 

J rronsfnusie# toL^nat </<Ae ifetg' >(o— It hat been suggested that the iporozoitei 
might enter the ovanet and ova at well at tbe tabvaiy gtandt of the mosquito to Uiat 
a ccond generation of mosquitoes might transmit ualena The sporoxoites circulate 
in the baemocele which is the body cavity functioning as the blood vascular lystem in 
insects Hence they are sometimes found m all the tissues of the mosquito as well as 
in the salivary glands and duets hut there is no evidence whatever in favor «l con 
genital transmission in the mosquito However after the sporozoites reach the salivary 
gland of the mosquito the insect may remain infe uve for long periods Mosquitoes 
have be n found capable ol UanamiUiog msUna as long as 90 days after infection In 
some species of mosquitoes odeyats may develop in the stomach wall but furtber 
development of the parasite does not occur 

4 Cen|<ntlai ilalana — There has been some que tion as to tbe possibility of 
congenital malaria Hciserhas reported a case of an infant which showed crescents 10 
Its blood by the end ol one week from birth Tbe mother showed the same infection 
and It was thought the child must have been infected through the placental circulation 
Dark m numerous examinations of the blood of the new born fz^ed to find infection 
even when the mother’s blood teem d with parasites In one ca e where the child 
showed infection shortly after b rth there had been an accident to the placenta and he 
believes that instances of so called congeuta) malaria may be explained in th s way 
In malarial inf ction at the time of parturition massive infection of tbe placenta is 
common even wb n there are few parasiiea viable lu the penpheral circulation 

Garhnan (rgyS) made observations rvgaidmg the presence of maUrul loiectioni 
of tbe placenta in 500 cases of pregnancy in native women in Resya and in along senes 
of observations on foetal bloo^ tn case# of heavy placental mfecuoDs and « as unable 
to demonstrate m a single instance the passage of parasites from mother to foetus 

Blacklock and Cordon in Sierra Leone found that 36 pet cent of pregnant women 
infected with P Jalctfarutn showed intensive Infection of the placenta leading to death 
of the foetus Jean and Nitson have reported 8 instances of chQdren either born dead 
or dying soon after b rth in 6 of whom malanal parasites were found m the spleen 



LIFE mS-EORY OF PARAStTES 


Atn ptnelfited by a singh mtCtogameU whicii (uses with tbe nucleus lotming the 

sygole The *ygote (called at lbs stagea venmculut or odkincte) elongates and becomes 

capable «DtinIike movement which enables it to bore 
^ through Um wall of the mosquito s stomach It stops just 

under the ddicaU outer layer where after 3 to 4 days it 
'rt becomes encapsulated to form an eocyij The latter grows 
t( cJ II * rounded wart tike protuberance 50M in diameter on 

'jR |V tbe outer surface of the stomach wall Its contents now 
undergo impoTtant changes Tbe nucleus divides tepcatedlv 
j and a number of faintly outlined cells are formed varying 
\ J in size and number which ate called sporoblasts By 
, / ^\ subdivision of tie nuclear chromatin and subse 

/mi quenlly of the cytoplasm there ate formed great numbers 
' / I II of minute falciform otlis The number may vary 
y } II (roni several hundred to to ooo in a single cyst and there 

j jj may be goo cysts in the stomach ot a single mosquito 

j ji M'ben development u complete the cyst ruptures and trees 

/§* /// the sporotMtt in the body csvity ot hemocele of the 

I y/J mosquito Many of th sc migrate into the salivary glands 

_/'0'y and thence by way of the veneno salivary duct in the 

^ M hypopharvna thev ate introduced into the cirrulation ol the 

y' J person bitten by Uve mosquito and start an asexual cycle 

y «r A Ihe mosquito is thus the definitive host and man » the 

/ inlertaediale host The mosquito suffers no evident injury 

J *" f, from lie infection OsuiUy its We is not shortened nans 

\ * ^9 itsfeetdityloweted 

J ^ JV Wl RusseU (ip3o) has found that it is possible to stain 

) <> ~ malarial oocysts in bving mosquitoes by feeding them on 

v« ^ ^ glucose solution to which has been added a 

J ^ f My snail quantity ot eosm (water solullel In mosquitoes 

\ which feed on this solution for » days the oocysts are 

clearly stained and so more readily seen on dissectnn of the 
mid gut Sporoaoites are not stained with eosm 
W noted dark brown or blach bodies in tbe odeysts 

of ome mosquitoes i hich have been described as Boss s 
** black sports Tbtit nature bas been controversial It is 

^'^_e probable that thema esm some instances are degeneration 
_ products of tie odeysts Contents though sometimes thicken 

, 'v® ing of the trachea) tubes of the mosquito resemble them and 

tomach vf" «h/ h s b*®** found in mosquitoes not infetted with 

cover d w th numerous malatn Bnimpt (1038) suggests that the black spores may 
zygotes or ot> yats ol be due to the chilinmtion of the contents ol tbe oOcysts 
PI smodiMt faletpa In the study of a lot of mosquitoes he found them only in 

r«rt c cloa a inl tho e tliat bad fed on infected (owls and never in those fed 

malpighian tubules 0 uninfected fowls He thinks they ate evidence that 
ofley t f stomach li jjifjction of the mosquito has occurred 
sucking bladders or duration of tie life cycle in the mosquito vanes 

nd**”<Mac "‘If* f’** temperature and tbe species of parasite Below 
Neal frtw Doflein 18 C little or no development occurs but the parasites 
mod led alter it sand in tbe znosqjito may survive ice hot temperatures and 
Orassi) even freezing (Cog|,eshaU 1939) Once sporozoites have 

developed a mosquito way remain infectuus io three 
mouths and may infect manv ludividials since only a part of the para lies ate dis 
charged with each bite 

Plate II illustrates m a schematic way the evolution of the three 
common malanal parasites of man nhtle in the fwntjspjece Plate J, 
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prepared by Lt J J SaperooflheD S Naval ^^cdlcaI School Washing 
ton from original water color drawings the student will find an accurate 
representation of the parasites as they appear in tamed blood nlms 

There are certain questions connected with the life history of the 
malarial parasite in man which arc of interest 

I Jntra vr Exlroetllular Litation — It n usual to consider the parasite as developing 
within a red cell and m this position dtstroyme the red cell Rowleylawson how 
ever has maintained that the parasites are exclusively extra-cellular and that they 
adhere to the red cells by loop-hhe pscudopodia abirh encircle a portion of the red 
cells and digest the haetnoglohin ol such an area Honcver this view is not generally 
accepted 

i Jfalanat ronn — The exact nature o( (he (one material liberated at the time of 
the paroxysm is not knonn Rosenaus expenments tend to show that a fever pro- 
ducing toxin was thrown oQ at this lime The study of the pathology of malaria 
indicates the haemolyuc nature of the toxin and it is active both in the blood and hone 
marrow brown suggested that (he pigment ptodured by the parasite in its metabohsm 
of the haetnoglobm ol the ted cell may act as a hacmolysin he having found that 
intravenous injections ol haematia were capable of producing marked anaemia It is 
well known that a far greater tuinbet of red cells are destroyed iii a paroxysm than 
would be accounted for by the actual percentage of cells destroyed by parasites The 
endoth Ual cells take up acuv ly tbu malarial pigment or faaemosom and may be 
damaged by it Ilaematm injectioiis also tend to destroy leucocytes and platelets 
Abrami regarded the paroxysms as an anaphylactm reaction precipitated by (be libera 
tioa of the sialarul (foreign) protein at spotulation This occurs some hours before 
the cold stag* which he regards as a manifesUdon of anaphylactic shock. A leukopenia 
and a lowering of the bto^ pressure preceding the paroxysm ate considered evidences 
of a haemoclastic ensu 

3 rronSfR ifUnULc Me<)f<lulfetfH<(»->Itbasbe«DSuggestedthatthesporosoites 
might enter the ovanes and ova as well as tbe salivary glands of the mosquito so that 
a second generation of mosquitoes might transmit malaria Tbe sporozoites emulate 
in the baemocele which u the body cavity functioning as the blood vascular system in 
in ects Hence they are sometimes found lo all (he tnsues of tbe mosquito as well as 
in tbe E Uvary gUnds and ducts but (here is no eviden e whateser in favor «f con 
genital transmission in the mosquito However alter the sporozoites reach tbe salivary 
gland ol the mosquito the insect may reoiain infective for long periods hlosquitoes 
have been found capable of tiansmittiog maUna as long as go days after infection In 
some species of mosquitoes odeysts may develop in the stomach wall but further 
d velopment of the parasite does not occur 

4 CoRgtniial Malana — There has been some question as to the possibility of 
congenital mal na. Uciset has reported a case of an infant which showed crescents id 
Its blood by the end of one w eek from buth Tbe mother showed the same infection 
and It was thought the child roust have bttn infected through the placental circulation 
Clark in numerous examinations of tbe blood of the new born failed to find infection 
even when tbe mother s blood teemed witb parasites In one case where the child 
showed infection shortly after bictb there had been an accident to the placenta and be 
believes that instances of so called congenital malaria may be explained in this way 
fn mafanal infection at the time of parturition massive infection of the placenta is 
common even when there are few parasites visible in the peripheral circulation 

Garhnan (1038) made obseivatiODS regarding the presence of malanal inf ctions 
of the placenta tn 300 cases ol pregnancy in native women in Fenya and in along senes 
ol observations on foetal bloods in cases of heavy placental infections andwasu able 
to demonstrate in a single instance the passage of parasites from mother to foetus 

Blacklock and Cordon in S erra I^eone foand that 3S pet cent of pregnant women 
infected with F faietpa rim showed loteDsive ufectmn of the placenta leading to death 
of the toetus Jean anl ^ltson have reported 8 mstascea of chMren either born dead 
or dying toon after birth in 6 of whom malarial parasitea were found tn the spleen 
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More recently J»me» and Brown aitd Tanner and Hewlett have reported undoubted 
caseeof congenital trantnussion of benign tertian malana occumng in London 2 months 
alter birth Meacham (1938) has reported another congenital case in which the 
peripheral blood of the mother was completely clear of parasites while the placenta 
showed a heavy infection The child a spleen was palpable on the 7th day On the 
17th day tertian rings schuonts and gamttocides w re present m the child s blood 
Green (t93S) reports a woman at full term admitted to the hospital with severe 
malana The ^ild was born after an easy labor of 24 hours The placenta appeared 
normal No parasites were seen in the baby s blood The following day the infant 
died in coma with hyperemia On postmortem exanunation the brain was found to be 
congested and 4 parajtes per field were seen in smears o( blood of the cerebral veins 
ColenCLancet January 29 1944) has reported sicadditional ca es 


Description op Plate It or Malarul Parasites 
Cycle of Developinerit of the Malarial Parasites (Schematic) 

Benign Terban Parasites 

Tnfke Witt and 5cii unit 1 Koimal icd ceU. 2 Young nag form 3 
Amoeboid or figuie-e! eight form showing ScbuSnets dots 4 Amoeboid form show 
isg increased chiomatin (24 to 30 hours) $ Segmentation of nucleus 6 Nuclear 
halves further apart ted cells enlarged and pale 7 Further division el nucleus 
8 Unusual division form 9 Typical merocyte 10 Rupture of meroryte liberating 
meroroites 

As Female ganefer 1 Young form showing solid instead of ring form itaiomg 
2 Halt grown form. 3 Rapidly gromiagform with compact nucleus and clear vacuo 
lated tone 4 FuU grown microgamctocyte showing eecentncally pbced chiomatin 
and much pigment in deep blue stained proloplastn. ilaie i»iiutes r Young form 
similar to female one 2 Half grown form showing central chromatin 3 Full grown 
Qucrogam tocytc ahowing Urg amount of centrally placed chromatin with light blue 
protoplasm surrounding 4 Divtstoo of chromstin occurring in microgamctocyte and 
developing in wet preparation Note ^Chromatin division in gametocytes does not 
tahe place until blood is withdrawn 3 ^pcrmatocooo bhe microgametes developing 
from the miCTOgametocyte This only occurs id wet preparations or in the stomach 
ofthemo quite Parthenogenecic macrogamete thisobject supposedby Scbaudinn 
to be a parthenogenetie female has since been interpratcd as two parasites (schiaont 
and macrogamete) m a tingle red cell 

Quartan Parasites 

Bi TrofhoiPittt and Schtonlt 1 Normal red cell a Toung nng form 3 
Older nog form 4 Narrow equatorial band. 3 Typical band form. 6 Oval (0 in 
showing division of chromatin ? Early stage merocyte 8 Daisy form meiocyte 

Ba Malt tantUs 1 Toung solid form 234 Developmental stages micro 
gametocytes. 3 Flagellated body in wet preparation ahowing microg metes develop 
mg from microgametocyte Femii/agomrfts t Young oval form 2 Somewhat older 
atage 3 and 4 hlature macrogamctocytes (same as benign tertian) 

Malignant Tertian Parasites 

Ci Trapkotoiititfi^Schiio ts s Normal red celL a 3436 Toung ring forms 
These are hair like rings and are the only forms besides eresceqis to be found in the 
peripheral blood In wry hta y nfict arts or in smears from spleen the following forms 
are found 7 Beginung division of chromatin. 8 and 9 Further division le 
Merocyte 

Ca Female {ame<<> i and 2 Young macrogametocytes 3 Older stage 4 
Development in ted cell 3 and 6 FuBy developed femal crescents showing clump 
mg o( p gmeot and nch blue color Ual* tamtia 1 and 2 Developing forms. 3 
and 4 Fully developed microgametocytes 3 FI gellated body developed in wet 
preparation. 
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In the second case the woman had a ngon dann^ labor 'Malarial parasites were 
found m the blood The child was born Qano-ed and comatose ■%© parasites nere 
found in the blood from the cord and the placenta appeared normal However the 
infant a blood contained parasites In the third case in an infant s days old after 
normal labor parasites were also found in the tdood 

Das Gupta (1939^ found matuit schmmts an the Wood of nn infant 15 hours alter 
buth which pioved to him beyond doubt that the udection was acquired in utero at 
least 33 hours before birth He points out that congenital malana while tare does occur 
when there is a failure of the protective effect of the placenta The protective action 
falls when there is any injury duringpregnancy resulting inpIacenUl haemorrhage He 
studied the question experimentally wi a pregnant riiesus monhey infected with P 
knawlett He found that the foetus w as entucly free from parasitic infection even when 
the ntaternal smuses of the placenta were crammed with para ilized red cells more than 
05 per cent b mg infected He sugge ts that the duratton of the infection may perhaps 
be responsible for the failure ol theprotKtivefunctioool the placenta at times 

5 CidiiiatioH J Paras It -~Tbe cultivation of the malarial parasite tit iilra was first 
reported by Sass in tpii in dehbnnated blood containing glucose solution The 
brothers Thompson later confirmed this worh Asexual multiphcatjon of the para itrs 
has been reported in the 3 common types of parasites and in tbe case of the suhtecUan 
as many as 4 successive generations were obtained Sinton has since reported the 
cultivation of crescents in aitibcial culture of blood after lo dsvs incubation No one 
has yet been able to maintain the pla modia in vilro for more than a few generations 
It has been repotted that the growing parasites of P /tifciparum show remarkable 
tendency to clump together whichisnot observed mi* tiro* 

Coyd (tgtq) reports that la tus laboratones from the (ecbnical standpoint the <n 
Mra cultivation or Mtracorporeal preservation of the parasites has not been of practical 
value 


Human Species ot Parasites 

\i before stated, there are 3 comcDOD species of malaria} parasites of 
man (i) Plasviodium nwdi:, that of benign tertian— cycle 48 hours (3) 
PfttjfrtotfiKm rBafdnae that of quartan — cycle 71 hours and (j) Pfos 
moiivtm Jalctparutr that of aestivo autumnal or malignant tertian — cjcle 
48 hours The rarer parasite P otofe gives use dlso to benign tertian 
attacks of fever, with a cycle of 48 hours 

Plasmodium vivaz (Cycle 48 Hours) — ^The cause of benign tertian 
malaria is the most widespread of the 4 species occurring throughout 
the tropics ind sub tropical regions as well as in extensive areas in the 
temperate zone It has been reported as far north as southern Sweden 
Enj,land and the Great Lakes of North America and as far south as 
Argentina and Australia 

Morphology — In fresh unstained preparations taken at the time of the paroxysm 
or shortly afterward the benign tertian schuont or nonsexual parasite m seen as a 
grayish whit round or oval body whos* withnea are di 2 tenUaled with difficulty 

from the infected red cell III about one ffth of the diameter of the ted cell and mav 

be tecogmied by noting the amoeboid activity In about t8 hours fine pigment parti 
ties appear and tbe parasite becomes more distinct Alter aa hours the lively motion 
of tbe pigment and tie projection ol p eudt^xidliie processes lu a pale and swollen 
red cell make recognition very easj When about 50 to 36 houn old the amoeboid 
movement ceases Apptoacf mg the ro rocyte stag the pi m nt tends to dump mio 
t or * pigment masses and one can recogn « jmaJ! oval highly tefractile bodies within 
the sporulating parasite 
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The gametocytes or sexual forms do not show amoeboid movement but the fully 
developed gametocyte which is generally larger than the red cells has abundant pig 
ment which is actively motile in the mate gametocyte and nonmotile in the female 
The male gametocyte is more reftactile ts tartly larger than a red cell and shows 
yellow brown short tod Uhe particles of pigment About 15 minutes after the making 
of a fresh preparation these male gametocytes often throw out 4 to 8 long slender 
lashing processes which are about ig to so nucroos long These spermatoeoon like 
bodies now bteik oS from the parent cell and with a serpent like motion glide away in 
search of a female gamete (macrogamete) pushing the red cells about in their passage 
through the blood plasma These are the microgametes The female gametocyte is 
larger than a red cell is rather granular and has more abundant dark brown pigment 
than the male 

Stained Preparations — In dned films stained by some Romanowsky m thod as 
that of Wright Leishman or Giemsa we note small oval blue rings about one fifth 
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of the diameter of the infected yetlowUi piok erythrocyte One side of the nog is 
distinctly biosder than the rather fine opposite end which seems to bold a round 
yellowish brown dot the chromatin dot nod bast resemblance to a signet neg These 
small tertian rings of the nonseruat parasites (Khiront) are seen about the time of 
the commencement of the s eating stage of theparoeyam Two chromatin dots in the 
U e of the ring ate rare as is also true of more than one ring m a red cell 

W'heo the parasite is about >4 hours eld we note that it contains much p gment 
and has an amoeboid or multiple figure of eight contour is about three fourths the 
size of a red cell and that infected 
red cell is about one and one half times 
as large as in the beginning and presents 
a washed out appearance It is an 
anaemic looking cell We also note as 
characteri tie of a benign tertian in 
fection reddish yellow dots in the pale 
red cell which are known as Sebufiner’a 
dots These have been regarded as 
chatacteiisuc for benign tertian but they 
are also reported in P evale 

A few hours before the completion of 
itS4gbou cycle the contained p gment 
begins to clump the chromatin to di ide and fin Uy we ba e a sporulating parasite in 
which the 16 to so small round bluish bodies with chromatin dots are irregularly 
distributed over the area of the raerocyte 

The gametocytes or aeeual paras tes show n thicker blue nng and bive the chroma 
tin dot in the center of the nng Tb pigmentation of the b If grown gametocytes is 
more marked than that of schizonts of equal size The shape of the gametocytes is 
not amoeboid as is that of the to j6-hoar-oId scbizont but round or ovak The 
full I evn fomthtyle tuve Ihe pigme I dul h led X i Ike th omatin 1 a tingle oggre 
gal en—juil Ike appasile 0/ nans al fa asikt The male gametocyte atains a light 
grayish blue and has a very Urge amount of chromatm usually centrally placed The 
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Icnvale gamtloeyte stains a pure blue has only shout one tenth as touch chromatin as 
plasma with the chtomalm often placed at one aide The pigment of the female 
gametocjte is dark brown while that cd the male is yellowish brown 

Plasmodium malanae — ^Thc course ol quartan malaria has a cycle of 
73 hours Quartan fever is telali\ely rare Totmerly it was reported 
as more a disease of the temperate zone than of the tropics The 
disease, clinically is the mildest ol the 3 common types but it is some 
times very resistant to treatment and prone to late relapses It has been 
reported frequently as a cause of malarial nephritis (Maclie Giglioli 
Lambers) In the localities in which it occurs usually it has shown a 
limited topographical distribution being found chiefly in scattered areas 



Pie 8 — risimeifiun mala at (Ouartan) Developm nt e( n nuxut) paraite in 
blood of man X »»oo (Prom MacNeal after Doflem ) 

Jt bsi bees eccou&iered e pec»))/ In ibe hfediierraneas regiOAi aad la India 
Ceylon and the hlaUy FenintuU In AfrKO it has been found la the central tropical 
belt Kenya to Siena Leone In the western heimsphere it occurs in the southern 
United States in Panama and Itraail Chandler (1940} points out it was introduced 
into New Orleans La by drug addicts a few years ago and has now become endenue 
there It is relatively rare u the West Indies but common u Antigua 

In Brazil Sousa Araujo found this parasite In less than o g per cent of the malanat 
cases while Clark In Panama (i939)foUDditmappioximateIy5perce&t of themalanal 
infections On the other hand Kfansoo Bahr (igjd) notea that Sayes has observed fn 
the western Solomon Islands as Weuyon bas in Salonika that the quartan is the com 
tnonest type of maUria in children between a and 10 yean After that age it is seldom 
met with This observation has not been borne out by experience m many other 
countries However Schweta (1938) points out that in parts of the Belgian Congo 
quartan fever while hardly ever found among Europeans is frequent among natives and 
affects up to 50 pec cent of native child parasite earners Cordon and Davey (i93>) 
found that in Freetown SierceLeon there bas been a rapid increase m quartan malaria 
since 1935 where the infection spread from a sroatl section of the city over the entire 
comroumty In their last survey 68 per cent of the positive specimens revealed P 
malanat They were unable to infect with P malanat either of the 9 common vectors 
of tertian and aestivo autumnal tnabtia in thU region namely Anopheles lambta 
{coslalts) and A funtslas They suggest however that A fomJioe is the sole or chief 
vector of the quartan Infection 

iforph’ogy^ln fresh preparations the young quartan srhuoni has only slight 
amoeboidmovementincompansontoi* mMxaad as development proceeds the rather 
darker brown and coarser pigment tends to arrange itself penpherally about the band 
shaped or oval parasite and sometimes shows less OKilfation than in P mw 
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Hie loUcted ted cell shows but little cbsnge At the end of 71 hours the tsthet 
tegulat daisy fotni of the metocyle is often mote distinct than that of the benign tertian 
merocyte 

The dislincUons between the male and female gaosetocytes are similar to those of 
the benign t rtian gametocytes In Romanowsliv stained smears it u diibcult to 
distinguish the joung quartan schuontfrom the bemgn teitun one but after n hours 
the tendency of the quartan schizont to assame equatorial band forms across a red cell 
of normal size and staimng chararteii. tics and without SchUftnei s dots makes the 
diSeienliation clear In the fuQy developed sporulating parasite or meroevte the 
(6-ia) commonly 8 merozoites assume a regular distribution giving it a daisy 
appearance 

The gametocytes show practically the charactenstics of the benign tertian ones but 
are smaller 

Plasmodium falcipaium of aestivo autumnal or maligaaut tertian 
malaria has a cycle of development of about 48 hours However this is 
variable and there is not as much tendency to simultaneous development 
ofthcparasitesasisshownhytheotheraspecies AsaresuU sporulation 
IS olten protracted or continuous and the fever is irregularly remittent 
or continuous or the paroxysms if they occur ate protracted 



Fio 9 — Plasmoi am f U am (Malgtv t t n an ) Nons »ual e cle 
bio d nd ntr nal organs o( tnaa Note multiple infect ons of tingle ed cell {F m 
MacNe I site DoAe n I 

P /alctfarum is widespread throughout tropical and subtropical 
regions but is relatively rare m the temperate aone It is the most 
dangerous type of malarial i»rasite sometimesgmngrise to pernicious 
attacks which may be quickly fatal However (if reinfection is avoidedl 
sometimes it dies out more quickly and is often more susceptible to 
treatment than the other species 

ife flutoty — The young trophozoites ue somelimei difficult to detect in fre b 
preparations appearing early in the hot lUge ot the attack as minute crater Uke 
dots about one sixth the diameter of tbeicdceU However they show active amoeboid 
movement They are usually in the penphecy <4 the red cell It u common to hod 
several parasites in the same cell They gradually enlarge to become about a third 
the diameter of the cell and occasiofiaOy a few bne brownish pigment granules may 
appear M ibis stage the infected ted cehsdsappeatlrom the peripheral blood icept 
in tare is tances m very severe infecttons However Joly (1936) in the French Congo 
reports that all atages in the developiDcnt of schuonts and gamelocytes of P /aUi far\iat 
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miy be seen m the penphetal blood of cbildrea below the ages of 4 01 5 year but not ja 
older chJdten 

In severe infections there may be uUaorduiary numbers ol parasites present many 
ta every field and up to d in a single cell It lias been estimated that there nay be 
three triUioa in the entire body 

In stained films the joung parasites appear as hair Ulte rings often Mith a chroma 
tin dots on one side of the ring “Itiey often appear as if plastered tm the penphery ot 
the cell or as if they had destroyed a rounded section of the nm of the cell Rarely 
they msy be baci) ary 40 shape and show na vacuole being recogniaable by the red 
chromatin dot The infected cells may show diSase basophilic stavrung and distortion 
ScbtiSnn s dots do not occur but in heavily stained films Maurer a dots may be seen as 
coarse scattered deep bnck red dots or clefts It ts oal fMihJe Ja lirnli/y Jhe speetet 
parosilet/He«arlyn«g/f>rjHinlenefle«prcK»il However if finenngsarep es ntoaoae 
eaanunation and if la hours later tb^ show definite tbickeaing P {Bioportm caa 
be excluded as this species nearly alwa%s disappears from the circulation by the lime 
this stage is reached 

The infected red tells tend to agglutinate and to adhere to the walls of tl e capillaries 
of the internal organs in which they may form plugs and cause grave symptoms attrib- 
uted in part at least to infarction of these organs In sections of tissue from the brain 
b\e{ spleen and bone marrow from tudi cases (prepared in the usual way bv formalin 
firation and baematoxyhn and eosm staining) the para ites are usually revealed by 
clusters of fine brau msh bUcL pigment grams within the red celts tn the capiUanes and 
imaUer blood vessels bitch an appearao e t dugnoviic of raasrisl lafe tion with 
^ /itict^arunt Unless special meibo Is of stainin and fisaiioB axe employed the para 
sues themulvcs cannot be seen in such tissues 

Splenic puncture in milaria is often dangerous as haemorrhage maj 
lotlow However m blood obtained bv puncture of the spleen ot bone 



marrow the older trophozoites and scbi/onts may be found The infected 
red cells are often shrunken and brassy m color The schironts occupy 
one half to (no thirds ol the reii feU and show usuallv about 16 irregularly 
scattered merozoites with 1 or a compact mas ea of dark brown pigment 
The crescent shaped gametocjtes are characteristic of this species 
and can often be found in the blood after a week of fever In some cases 
young gamctocytes maj be ovoid rather than crescentic and in fresh 
preparations they tend to become awoUen and ovoid as flageflation occurs 
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Plasmodium ovale (of Mild Tertian Fever) —In 1922 Stevens described 
a new malarial parasite in East Africa and named it Plasmodium male 
and in 1930 Yorke and Owen reported that the morphological features 
were preserved when the parasite was passed bj direct blood inoculation 
from one person to another James Nieve and Shute also recognized 
P 0 ale as a new species and succeeded m transmitting the infection 
through Anopheles maeuhpenms Fairley (1933) reported further cases 
from \\est Africa, and Manson Bahr from Uganda 

Wilson and Wilson ( 93s) * malana tatviy *0 the northern part of Tanganyika 

Tcrntory discovered a; cases of malana which they diagnosed as P male infections 
All except one of the patients were natives of the regioo and none was clinically ill 
They stated that unless the parasites are present m fairly large numbers the differentia 
tion of P evale from P vt ax miy be quite impossible Muhlens has reported 7 cases 
m which avale like parasites were found at the Tropical School in Hamburg some of 
which came from West Africa and South America Muhlens while accepting this 
orgamtm as a distinct species awaits further confirmation 

Gibbons (1933) described with figures 4 types of pigment seen m oocysts in the 
stomachs of naturally infected Anopheles in Uganda On the basis of these be recog 
mees? as the fourth species on account of its dark broun pigment co co bacillary 
in shape from 15-30 grains Craig (1933) al 0 accepts P a oU as valid and believes 
that It IB the same species which he described in 1 in tbe blood of a soldier returning 
from tbe Philippine Islands but did not name it 

Sinton Hutton and Shute ( 939) suggest that the distribution of this parasite is 
confined almost entirel) to ttop cal Africa (bough Blair has found cases in Southern 
Rhodesia EsUn has described an infection contracted in Eastern Russia in which 
the diagnosis was said to be confirmed by Wenyoii and Muhlens (193$) has repotted a 
ease from Persia as well as from the west coast of South America la such cases 
however Smton suggests that R mle may have bees confused with either R mt x or 
R malaria On the other hand G ovjnnoU (1935) Hauer ( 938) and Friedmann 
(193S) point out that after repeated pass ges R a ati mav show a tendency to assume 
characters of R tsTd or R mala lae Meleney ( 936) believes that seve a] points 
regarding R av le require elucidation before the specificity of it can be conclusively 
accepted Ziemann also does not reg rd R 0 o/e as a separate species an 1 po nts out 
that there is no reg on where R aval » exclusively found 

The clinical course of the disease in man according to Manson Bahr 
IS a paiticul3rl> mild one and the parasite tends to die out of its own 
accord Fairley (1939) has reported aP 0 ate infection in a fatal case of 
blackwater fever It produces a tertian periodicity and Fairle> points 
out that It differs from benign tertian in producing paroxysms of fever 
which come on in the evening or at mght 

During 7 jears Sinton Hutton and Shute have induced primary 
infections with P oaale m loS patients in the Malarial Therapy Hospital 
in Epsom 

They found very little resistance among Caucasians to tbe acquisition of infection 
both bv blood icocutatioos and by mosquito transmusion In a few instances th y 
infected Caucasians who h dprevi nsly been more resistant to infection with R wax 
P falatpa U i and R knaj^les They remarked that it is very cur us to find in their 
one Negro pat ent that R avale usuaOy conside ed to be the least pathoge ic of the 
human species sh uld give rise to active infection in this Negro when several other 
species of Plasmodia f iled to do so They found great infrequency of chnical relapses 
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<ycainthe»bs«Bceofd]KetUeatKiciit inG08e<adistJDCtioaiowisr£nf«twn Mublens 
(1938) howtver reports evera! relapses so mMiofectioas 

Sforfimogy—Tlit joung (n^orostes oi P cnile are seen as smsll rings indis 
tinguishible from lie rings ol other i^eoes They resemble tho e of i* mdaftat in 
showing but litUe amoeboid movement tad they often fend to ts«ame a band ^ape 
tioilgi band shapes tresomeuoeaaat o&senmf Tie pigment « graBohrsBd bUchsh 
brown resembling that of i* rta'an^ Tbe medium sued forms are said by Stephens 
to be more cbaracten tic The schironts ate imallei than a red ceD conUimng from 
d to rt tnerozoites usually 8 The gametocytes are oval and smaller than a red cell 
The infected red cells are only slight^ swollen and are oiat in shape They are »o 
often oval that the shape is said to have apeaal significance hence the speufie name 
They have ragged bmbnate'' marina hod even m the earlier stages of development of 
the parastes contain numeroas Schtffoer t dots Practically eveiy infected corpuscle 
shows these dots and the co'pusd's may become decolorized The spororoitcs are 
said to be larger than those ol P *%.larije 
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Plasmodiuta koowUsi m Macacus rhesus Monkeys — ‘This parasite 
which was discovered la the blood of a sionkey by Napier and Campbell 
(t9J2) was named P knoitUn by Smton aod Mulligan (xoji; Brug 
(1034) emphasizes 2 morphological features not given in the original 
description (x) that the nuclei of the young parasites arc usually sur 
rounded b> an unstained halo aod (a) many band forms are found in 
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certain parts in thin smear preparations These forms are often ver> 
irregular in distribution usually m streaks in the thinnest portion of the 
film 

In the multiplication of the parasites the schizoots contain 6 to 10 merozoites 
usually S or 9 Basophile stippling of the red blood cells is common but Joly (1937) 
hasfound that the stippling is very variable as regards number and size The numerous 
multiplicat on of the parasites in the penpheral blood within a few davs indicated that 
a considerable portion of the multiplication must have talcen place m the internal organs 
Biugfound that in some instances in 4 days as mai^ as four of the five milhon red blood 
cells pet cubic rmllimeter were destroyed and since this was a much greater loss than 
the number of parasitized red cells he suggested that ted cell destruction was partially 
due to the toxin produced by the parasites 

This parasite causes almost invariably fatal infection in Macacus 
{Silenus) rhesus unless treated 

In man Milam and Kusch ha\e found from inoculation experiments 
that the clinical course of the disease very closely resembles that of 
P v}vax malaria except that the term of infection is shorter 

Eaton (1938) has found that a specific agglutination of P kno,itesi 
occurs in the blood and is detectable both by macroscopic and by micro 
scopic methods 

Agglutinins appeared m the serum of monkeys between ig snd 45 days after the 
onset of the infection and became progressively strooger as the malarial infection 
gradually subsided The serum from normal monkeys and from monkeys chronically 
infected laitbad Serentspeciesof malanalparasite suchasP inui did not agglutinate 
? knevlm 

As this species produces on inoculation into man a relatively mild 
and easily controlled infection it has been used extensively in the treat 
ment of general paral>sis 

Method or Transmission 

Malaria is transmitted natural]> by the bites of certain species of 
mosquitoes of the genus Anopheles Hence the classification and identi 
fication of these species is important in the study of the disease 

Mosquitoes — All true mosquitoes belong to the subfamily Culicmae 
of the family Culicidae a group of Diptera (or two winged insects) with 
many segmented thread like antennae (Nematocera) characterized by the 
pecuhar venation of the wing (shown in Figs 14 and 15) The Culicmae 
include the only blood sucking Culicidae and diSer from the other mem 
bers of the family in having a long proboscis and scales on the veins 
of the w mgs and on most of the body and legs 

As in other insects the body consists of 3 mam parts — the head the 
thorax and the abdomen 

The B ai— The space on the head beb ndthe 2 compound eyes is described as con 
sistiDg of two parts— that lufronC bring called the froQS and that behind the ocaput 

The nape is back of the ocaput Ihe bulbous prolongation of the frons which 
projects over the attachment of the proboscis is the cljrpeus The proboscis is straight 
la all mosquitoes of importance medically In the male the puncturing parts a e not 
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suffieieotJy rtsistanl lo penetrate the aba aaie jbo qmtoes leediet aat oa tJoorf 
but on fruits and {lowers inaUad The proboscta consists of 8 fleshy scaled guuet 
shaped portion beneath known as the Uhuttn which letminates tn two hinge joint 
pro esses — the tabeUa At the tni of the labium ss a thin tnernbrane (Dutton s mem 
brahe) It is through this that flianai embryos are supposed to pass on their way from 
the interior of the labium to enter the pw on bitten The hbmm may be conadettd 



Fio 13 — Thorax I Pio ophare Th ndiiWaal ejmen' of th th irax to which 
any pan bet ngs 1 indicated b/ (he small figure placed beh rid and below its symbol 
The abdoir nal s gm ms ate distinguished by Roman numerals placed befire the 
tyrrtbols of the parts Arabic num rals placed before symbols gnity rmnen al order 
of repetit on 

ini antenna AxC aei'larycoTlotwinf bar CIp clypeus Cx coxa C*P pleural 
coxal process r eompounieye /'pm epim run C r epi ternum ept detach dpan 
of episternum of me other x XA lab »m «« eerei atselente UxPfp max Uary palpus 
P parapt e m PS po tn tum(po ttcutellom tnctan turn} Prb proboscis PS pleural 
suture p c prescutum 5 sternum tt! scuteilum era utum 5p sp racte T terguin 
ll wing nr} halter* IIP pleura) winy proeess o smaUpi*teofmeso;leurumb nng 
articulati n of coxa 6 acces ory plate of me epimerum c lower p rtofnetapi urum 
(Mter H ward Dyar and Knab bv cour esy ot Carnegie tn t tut on } 

as the sheath of a Vrufe holding and proteetiog th* slender blade kk.r penetcstiag 
organs Lying ui this groove we base fna above downward the horse-shoe shaped 
librutn-epiphac>i» theundetsucfsceofwbtcbisopeD Tbiawhendosedbytheunder 
JyiDgii-popbajyasforms atube throu^ which the Wood « sucked upbv the mosquito 
In the hypopharjna which somewhat resrtnblesa hypodermic needle isachatinel the 
veneno salivary duct It » down Una chamnl that the malarial sporozoite passes 
The proboscis is provided with a pair of maaiUae and a pair of mandibles These 4 
structures with the hypopharynx and tbelab^m epipharjnx (5 structures in all) cob 
stitute the piercing parts There are » pairs bf mandibles sod j pairs of tiiaxtiiae 
on «tbe s de of the hypopharvns— tl« mandiblee above and the maxidae below The 
serrations of the mattUae are coarser thantho e(rf if-* mandibles The sensory organs 
liepslps he on either side of and shghtly above the proboscis Tb scare of importance 
in difierentuting mosquitoes and must not be coofwetj with the antennae which ate 
atuchei above the palpi and at the sides of the clypeus These antennae also are 
of imporunce In distingui hing the sex of the mosquito In the male the antennae 
ate plumose in the female sparsely decorated with short baits 
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The vnni venation is important The Costa sho« s as a stout nb or vein bordering 
the upper side of the wing and running around the apes and lower border 

Below ithasafringewbichmayshowspots The location of the spots in the upper 
part of the costa of anophelines u of great value in differentiating species Beneath 
the upper costal border the autiliaty or the subcostal vein runs to join the costa at some 
distance w ithin the apex The apes » the free end of the w ing and the base that end 
attached to the thorax Running parallel to the subcosta but reaching tbe apex is 
the 1st longitudinal vein Below that is the *d longitudinal vem which forks to make 
the ist fork cell also called ad marginal cell (See Figs J* and xg ) The third longi 
tudmal vein originates from the ad beyond the middle of tbe wing and is angulate 
at Its base the small transverse portion has been frequently called the supccnutnerary 
cross vein The 4th longitudinal divides to form ^e ad fork cell (ad posterior cell) 
Thesthand 6lh longitudinal veins arise from the base of the wing and run to the penph 
tty A small cross vein which joins the basal part of the 3d vein with the 4th vein 
IS called the anterior or imd-eioss vein Another cross vein joins the fourth vein and the 
upper branch of the 3ih vein and is called the po tenor cross vein The posterior or 



basal cross vein is usually a short distance behind the anterior cross vein it may how 
ever be in line with it or even beyond it TV petiole or stalk of tbe ad marginal cell 
IS of importance in differesliatiog genera The wings of all mosquitoes have scales on 
the veins In addition except in tbe genus (fronofaenia they also possess minute hairs 
miciotnchia 

Tbe 3 pairs of legs are attached to tbe thorax Each leg his p parts of which 
tbe two short ones ate the basaHy placed coxa and tbe small trochanter attached to it 
Then comes the long femur tibia and metarsus with the 4 segments of the tarsus 
terminally The last tarsal segment ends m 2 claws which in the female may be 
simple or um serrated 

Tie AiJom n — There are 10 segments in tb abdomen The genitalia anse from 
the 3 terminal segments as bilobed processes Ihe posterior abdominal appendages 
of the female are called the eerei those of the male the hypopygium or termmalia In 
tbe male there is a pair oi lobe like side pieces to which long curved appendages called 
claspers are attached Lying between the side pieces are the sclerotued mesosome 
the paired claspettes and the single anal lobe («» Anofiefej) and the paired tenth 
stemites (m the other genera) Sec p 15x4 

Dnelopmenl oj the 1/ojgwi/o — In its development the mosquito 
undergoes a complete metamorphosis The ova which are deposited 
la water or moist areas after several dajs give rise to the voracious 
rapidly growing larva which after 4 moults becomes transformed into 
the pupa or nymph which constitutes a non growing stage m which the 
head and thorax are combined in an oval body The duration of the 
pupa stage is often short usually only i to 3 days though some mosquitoes 
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have a pupal slage o{ several weeks At the end of this time the pupa 
straightens out the integument sp^ts dotsally and the insect emerges 
After dr>ing its wings for a lime o» its raft like pupal skin it flies away 
The metamorphosis of the AnephtUt mosquito m favorable weather 



conditions takes from a to 3 weeks » to 3 days for the egg stage 10 to 14 
days for the larval stage and 2 to 3 days for the pupal stage 

Clamjki^^on and IdtnhfieaSion Sptettt — \ ery definite information 

as to the identity of mosquitoes can be obtained if mosquito ova arc 
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available for study by etaminmg specimens m the several stages of 
development from ovum to imago AU points concerned in species 
differentiation are thus made available Having determined the species 
from the characteristics of egg larva and pupa examination of the imago 
becomes a process of verification 

Clcssificahon of Mosquitoes — ^The classification of mosquitoes is 
steadily undergoing changes following progress in the science of cntomol 
og> and the discovery of new species Theobalds classification that 
has been the accepted one for many years is now found wanting and even 
misleading The modern development m the study of larvae and their 
characteristics given b\ Dvar has helped much to bring order out of the 



chaos that existed The scope of this book does not permit us to include 
the large keys necessary to identify the mosquito pecies of the world 
Some that mav be mentioned which deal with the New World forms are 
found m the following references King and Bradley 1939 194* Simmons 
and \itken 1942, Komp 1941 1942 

According to the latest general review of the mosquitoes of the world 
by Edwards (Genera Insectoiuro 1932), the 1400 known species of 
Culicinae are arranged in the 3 tribes Anopheliai hfegarhinmi and 
Culicim The onW tribes of medical importance are the Anophclim 
(Genus Anopheles including the species transmitting malaria) and the 
Culicini (genera Cider i4?de5 and others species of which 

transmit yellow fever dengue fiiariasis and some other diseases) 

While kevs are necessary for the definite identification of most mos 
quitoes the worker in the field may find the following discussion useful 
m deciding whether a mosquito is a possible malaria transmitter or not 
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wtDgs are spotted Tbe male is disbnfuished /iota the female by tbe anteonae which 
are sparsely provided with short hairs in the female highly plumose or feather like 
in <he male The tip of the abdomen also tads in tic male in a pair of c/aspers which 
are lacking in the female 

The larvae lack a siphon at the postenoc end the spiracles being sessile They are 
surface feeders and lie parallel to the surface of the water As a rule tbe pupa of 
Anephelts rests with the long axis of the first a abdominal segments nearly parallel to 
tbe surface of the water while in Ctdex and Aidu it u usually more nearly vertical 
The eggs are provided with floats Thebodyol most Anepheler when resting on a wall 
usually forms a straight line at an angle oi about 45 Many Anopheles species do 
not stand in tin positron eg at epoi cuha/Mei 2fo$t species are twilight feeders 
hlany species hibernate as adults and there is considerable evidence that F max may 
survive the winter (at least in milder temperate climates) in hibcerating A nacvhptnntt 
The Ova —The Anopheliiu ova are oval in shape with pleated air cell projections 
laterally They are laid upon the surface of the water (0 tbe number of about 100 
which often form star shaped patterns The egg stage is a'4 day> hut shorter bow 
ever m the tropics The ova of Cubcioi inos<)uitoesare usually deposited in a scooped 
out raft like mass of about xso egg* set vertically easily seen with the eye as in tbe 
case of Culex or laid sinewy 00 the ground or sides of coatawers as with iedes 

Lareae —There ace two great classes of larvae — tbe siphonate and the asiphonate 
The latter are always A uoMWer 

The Atiephe/et larvae have a small bead tibicb is capable of being twisted around 
with lightening like rapidity They are darker in color and have no siphon float 
parallel to tbe surface of the water have long lateral branching hairs and on tbe dorsum 
of tbe abdosunai segments is a pair of palmate hairs which assist m keeping the larvae 
in the surface film The larvae are usually called wnggler* Tbe duration of the 
Uryal atjge u fnia z to a neeks tccordiag to the tempeeitoee 

CuliciHi larvae do not float parallel to tbe surface of the water but hang suspended 
at so angle with only the tip of the respiratory siphon pushed forward to the surface 
from the axis of the body Tbe end of tbe 
siphon terminates in j pointed flaps If 
you divide the length of the siphon by the 
breadth you get what u known as the 
siphon sndex The larva of Cules quin 
fue/aiaafus has a long and slender sij^on 
(be brva of Aides oegypn has a short and 
barrel shaped one When at the surface 
the Culex qusnque/asctatus larva has its 
siphon almost vertical and the body at an 
angle of about 45 Aedes aegyph 

larva hangs more vertically As a rule tbe 
hairs proceeding from the side* of Culex 
larvae ace straight and the head rehlively large There are also no palmate hairs 
along the sides 

^„pj,_Xhe pupa of the mosquito is an obtected one there being only a closely 
applied chitinous coating covering it it does not have a pupanuoi a* does the coarctate 
pupa of the house fly The mosquito pupa >s lighter than water while the larva is 
heavier The Anopbeline pupa is distinguished from others by its widelv flaring pupal 
trumpets The trumpets of other »peae»are usually slender and do not flare at the tip 
In the pupal sUge it is rather difficult to diflferenliate species of mosquitoes from 
each other so that it is only 0/ imporUnce to recognize that the bloated appearing 
cephalothorax and shnmp hie abdominal laof m * mosquito pupa The most practical 
m thod for the idenuficaUon of Anophehiu species is to collect the larvae and later to 
study the adults which develop from the pu^ 

The following species are important for the cpidercnologist and are 
commonly encountered m the areas referred to 
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Anopheles albtmanus — A medium suedgtayish Astepbdts the tip of hmd tarsi white 
with a black spot on last joint Legs M»rki«h the fore tatsi with white rings at apices 
of the first three joints hind legs with apea of second and the third to fifth joints white 
a black mark on the fifth joint About one half of second hind tarsal segment black 
remainder white Wings With blank and yellowi h scales 2 large yellowish spots out 
wardly on costa other veins with sinall dark spots alternating with pale scales Palpi 
long dark last joint and base of penultimate one white This is the pnncipal vector 
of malaria in tropical America 



inoph Us punci /ennii—Legs black the tips of femora and tibiae with small pale 
rings and with small white spots Wings with scales black except in certain spots as 
follows A large one at outer third of costa and a smaller one at apex both mvolv ng 
second ve n one on thud ve n m the cell on the stem and m ddle of both forks sixth 
vein white with black spot at base and tip Widely d tnbuted throughout North 
ktneiica it prefers to b te large mammals rather than man and is regarded as a rela 
tively unimportant malarial sector 

Anopheles quad tmaculalns — A medium sized black sh dRopAc/erwith black spotted 
wings Tips of femora and tibiae whitish Wi gs with the scales black forming 4 
dark spotsbybeingtb cUy placed as ioSowa Baseof second vein lotbe cell on the cross 
vein and forks of second and foutlh vnos Apex of wing uniformly dark The pnn 
cipal vector in the United States It occurs in the eastern states and the Afississippi 
Valley from the Gulf northward to N « ITampshire and Wisconsin 

Anopheles mocuhpennss var / tebnns — Wing much as in A quad smaculatus and 
without hgbt spot at tip A nedium sued blackish Anoph Us Tips of femora and 
tibaenhiush It is widely d str buted in Europe northern Africa western and central 
Asia Alaska Canada and western United States It is important as a transmitter 
wherever maUna occurs within its range The variety occsdentalss has a hgbt spot in 
the fringe at the tip of the wing it ts not belie cd to be a vector 

AnopheUscrue an;— A medium sued black shitne^kefe; with mottled wings. Legs 
black with pale knee spots Wings with a tmaD yellowish white spot at apex and fringe 



3 ^ 


UOSQUITOXS 


ftings ate spotted The male is dishngmdwd from the lemale by the atitennae which 
are sparsely ptotided with short hatrs in the female highly plumose or feather hite 
m the ma3e The tip of the abdomen also ends in the male iq a pair of claspers which 
are lacking in the female 

The larvae lack a siphon at the postenot end the spiracles being ses ile They are 
surface feeders and he parallel to the surface of the water As a rule the pupa of 
AnopkeUs rests with the long am of the first * abiominal segments nearly parallel to 
the surface of the water while in Citfex and Alda it is usuallv more nearly vertical 
The eggs are provided with floats The body of most dnapArfer when resting on a wall 
usually forma a traight line at an angle of about 45 Many Anopheles species do 
not stand ID this position eg alt»fot atltci/«net Most species arc twilight feeders 
Many species hibernate as adults and there is considerable evidence that P wax may 
surv we the winter (at least in milder temperate climates) in hibnerating A macu/ipenKii 

Tht Ora— The AnopheUni ova are oval in shape with pleated air cell projections 
laterally They are laid upon the surface of the water to the number of about too 
which often form star shaped patterns The egg stage is *-4 days but shorter how 
ever m the tropica The ova of Cubcim mosquitoes are usually deposited ui a scooped 
out raft like mass of about rjo eggs set vertically easily seen with the eye as in the 
case of Cultx or laid smgly on the ground or sides of containers as with A/dn 


Lartat —There are two great ctasses of larvae — the sipbenate and the asiphouate 
The Utter are alwajs Anophelu 

The Anspfielet larvae hase a small head which is capable of being twisted around 
with lightening bke rapidity They are darker in color and have no siphon float 
parallel to th surfaceofthewater bavelongtaieratbranchirigbairs andontbedoriun 
of the abdominal segments is a pair of palmate hairs which assist in keeping the larvae 
in the surface film The larvae are usually called wrigglers The duration of the 
larval stage is from 1 (0 a weeks according to the temperature 

Cufidne larvae do not float parallel to the surface of the water but hang suspended 
at an angle with only the lip of the respiratory Siphon pushed forward to the auifaee 
from the axis of the body The end of the 
I , »pboti terminates in 5 pointed flaps If 

/ you divide the leoglh of the siphon by the 
bieadlh you get what is known as the 
siphon index The larva of Cufer gum 
^ gue/ojciarut has a long and slender siphon 

^ the btva of Aidts atiypli has a short and 

barrel shaped one When at the surface 
lay the Cutes guingur/asciafur litva has Us 
Fic 19 — Re t ng po ture of mos siphon aJmoat vertical and the body at an 
qurtoes I and « ^ angle of about 45 The Xe*i aegy/t. 

p picn, (Aft r Sambon ) Prom P II ^r^a hangs more vertically As a rule the 
hairs proceeding from the sides of C^Itx 
larvae ace straight and the head relatively large There are also no palmate hairs 
along the sides 

pupae —The pupa of the mosquito is an oblected one there being only a closely 
applied cbitinous coating covering it »l does not have u pupanum as does the coarctate 
pupa of the house fly The mosquito pupa u lighter than water while the larva is 
heavier The Anopheline pupa is distinguished from others by its widely flaring pupal 
trumpets Tbe trumpets of other speaesare usually slender and do not flare at the tip 
In the pupal stage it is rather difficult to difierenUate species of mosquitoes from 
each other so that it » only of impr^ace to recogmae that the bloated appearing 
cephalothorax and shnmp I^e abdonunal tail is a mosquito pupa The most pracficaf 
merfiod for the IdentificaUon of Anopbehm tftati is to collect tbe laivae and later to 
study tbe adults which develop from the pupae 


The following species ate jioportant for the epidemiologist and are 
cotomonly encountered in the areas referred to 
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following the prevailing winds mosquitoes of this species had travelled 
up the coast 115 miles 

Two years of severe diy seasons scenied to check the invanon but with the recur 
rente of normal rainfall there were severe epidemics in which the infection was trans- 
mitted by this species in locahties over 200 milg* west and north of Natal In the 
Jaguanbe Valley of the state of Ceara there were said to be over 50 000 cases of toalana 
in 1938 



1 21 — V t but on ! A a in B 1 tCou I > of the Ro V teller Fouadat o 

According to the report of the Rockefeller Foundation over go per 
cent of the population was affected and mortality in certain districts 
amounted to lo per cent A subsequent report states that more than 
$000 cases proved fatal 

An mtensive campaign has been earned out by the Foundation in 
collaboration with the Brazihan Covenwnent for the eradication and pre 
\ention of further extension of the infection The reports of Shannon 
and DeAndrade (1940) and Barber (1940) indicated the favorable results 
that had been accomplished by thw campaign 

Barber found from gland dissecU ns of the mosquitoes a sporozoite inde* of 2 7 10 
per cent m diSerent localities among the Tillages where jamiiae were plentiful hut 
malana not yet present On the other hand at Natal at the time of a severe epidemic 
a sporo oite index of 30 2 was found by Dams w the examination of 17a specimens 
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other Bcales mostly black lortiung s|Mits *t tbt bases of the forke<! cell* »cd ihtee on 
the swth vein separated by pale scale* Th« palpi of the female have the last ;omt 
whitish aod a nng at base ^ penuitiJitaie joint A relatively unimportant vector 
occumog la the South Atlantic and Gulf states and the Msssissippi VaUey 

Anopheles pseuJopuftchpennit — A large si«d grayish AnsphtUs with while spotted 
wings Legs bkck inee spots yelioaish ahite nmp (potted in black and white 
costa black with three white patches third y«n brosdiy white in the middle Palpi 
of female with white nags at the bates of the joints It greatly resembles funeSt 
pettntt but IS not really closely allied Ibereto It is found in the soathwestera United 
States Central Amenca and western South Amenca to Argentina in which country 
aod >D Peru it is an important tranaoutter 

Another imporlant transmitter of pialana of the bew Uorld is 
A ergyrifarjti — It is a South Atoencan species Black costa with i dutinel and 
Mverai smaller white spots Dark brown palps with a narrow bands and a while Up 
Legs with last j hind tarsal segments white this species is not now cegardedas a vector 
The following Old World species are also importaat transmitters of malana 
A dsflingt -—Vitng umiUr to that of A aliimanai Ilmd tarsi «tlh last three 
segments all white Palpi dark with g white nngs tip white The most important 
vector of RiaUfu within its range in South Amenca Recently discovered in Central 
Amenca in Gulf of ITonduras regioa Fauly coofused with A alMarns and A 
arfyrtlartts 

A Junuiiu — W uigs with 4 yellow spots on a black costa and j black line spot* oa 
third longitudinal vein Palps with s white rings Proboscis unbaaded Legs with 
faint apical band* Common in tropical Africa but not >» India 

A gawiise (A «or/jl«r) —Costa bUck with j or 6 small yellow spots Palps with 
a narrow white bands and white tip Femora ond tibiae with yellowish spots Apical 
Ural bands Common in tropical A/nca and Arabia it has been introduced recently 
into firseil Both tpeciei are ^ngerous traasnutten of mslana (and potential vectors 
of £Iana) In one district Ross found 24 per cent of A gswftiae infected 

A r/epAenrr— Costa with 4 broad btak spots separated by narrower yellowish 
spots The correspoodiRg second spot on the second loag vein it nsrrower and divided 
into t unequal part* by a light spot (the smaller distal) VtUowish while acales over 
the dorsal surface of the sbdomca tborat and head Leg* black the femora and 
(ibue spotted with white W Kite bands at iatertarsal joints I ast kind tarul segment 
black It M abundant in India and a dangerous traosccutier 

A fnatulaSus — Somewhat sioular to the preceding The abdomen is dark brown 
with golden brown hSirs over the dorsum, and yellowish while scales orr dorsum of 
Iboraa aod head The second spot on first long vein is divided into 3 parts by s pale 
spots. The white bands between the tarsal acgmenls are hfoader and the last bind 
tarsal segment is white Codudoo and a dangeroQs transmitter id India southeaslero 
Asia aod the Cast Indies but only in Shillong India 

Anopheles gambiae — Special mention should be made with reference 
to the invasion of South Amenca by the species AnopkeUs The 

Rockefeller Foundation 1939 has emphasized that it regards this mos 
quite as a most dangerous one Although the species has been repotted 
from Algeria and Jlorocco and from southern Arabia its principal home 
IS the African tropical belt extending from the southern border of the 
Sahara desert south to the Zambesi River, and it is said to be a scourge id 
central Africa Until 1930 this species was not known in the western 
hemisphere In that year or shortly before it crossed the ocean prob 
ably from Dakar either by airplane or on one of the fast French destroyers 
which at that time were working m connection with the French air lines 
between Dakar in West Africa and Natal in Braed 

The speaes was first discovered by Shannon 1930 at the port of 
arrival of these craft, in Natal in Rio Grande do Norte durmg a routine 
mosquito survey In 1930-31 there occurred in the vicinity of the 
breeding area of it at Natal a very severe outbreak oi malaria By 1931 
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tions does not prove that the speoe* *5 of practical importance as a 
transmitter under natural conditions 

Thus AnopMts atropos a species erfaich breeds m brackish water and 
IS distivbisted along the Gvdf and South A-tlantw coast of the United 
States has been show n to be a good host from an cspenmental stand 
point, but it has not yet been known to carry and transmit the plasraodia 
in the natural state 

A puMltfKnttts and A erKcwnt abundant withto their range prefer 
animal blood {are aobpbilous ) and are of uiinor importance as trans 
mitters of malaria cocnpared with A ^aJrtmaculatui which bites man 
and animals radifierently 

As showics the uatertsioty aiuchicg to the qucsboa ef a cerum anopbeh&e species 
beit)( efBcieat hosts tor ciaisns nay be (iltiS the case of ^ puothftnni! Tbisspecies 
has been {requeatly reported as tncspsble cf trsossutt og msUris sod Mitzmain 
reported eipensieRti on ttg females o( the specie t which had (edon crescent-contaiaiDg 
blood and which were d iiected trom 3 to 3S 4tyt after «uch feedings wteh negative 
hadiags in stomach and salivary gla^s Furthermore these mosquitoes failed to 
trassnit matana to healthy persons. Control etpenmenii with A ^usdniuocu/atui 
and A «n<cM«t were wccMsJnl lo June ipi6 I^g reported 35 per cent of positive 
Kodiags after dissection ol A paneltp^titt wl^h had led on tnalignast certian cases and 

percent of success where the man btuen had ben gn tertian mslans These results 
showed as high a degree of success as that obtained with the eonteol A <ruct»»t and 
A guadrtmseufotus 

Fretn the above it must be evidcot that there are other factors i&vo] ved besides that 
of the host species for example another factor which guy lodueoce the transmitting 
powensthefeodiRg habiti of thetnopbebDe Oae which istnore voracious and fills and 
then ejects by rectum the blood tahen from the aalanal patient is rnore apt to be a 
tnnsnuttet than a species less voracious 

In ceitain inatances there a a definite relation between the geographical 
distnbutton of different varieties or biological races of the species A 
mixoJs^rnnis and the occuirtoce of malam SweUengrebel and Hackett 
and Missiroli (3935) m contrasting the nonmalarial regions of northern 
Europe with the heavslj malanous ones of southern Europe have demon 
straled that although A macuJtpennts w the only prevalent anophdinc 
throughout this territory there are s or 6 recogniiable varieties of it 
which may be identified by difieiencesjii their ova of which a fa&rcncfitae 
and cfiifMS are always dangerous vectors of malaria even under extremely 
unfavorable conditions while the other varieties are associated with 
malaria transmission only under eaceptiooa! circumstances 

The diSerest races of this speacs of mosquito may vary i& their habits Itt certaia 
lociUUea the cooiiquito is oo&p^lout and cneUna fs u&commos s>bilt m otiitt fsotae 
times stigbbonsg) regions aadrophdous etraus occur tad maUnt is abusdasi 
especitUy if the insects pass Ibe winter within daellingt testead of b bersatiog As a 
tale tbeandtopbiloasiaceshaveeggswiihbumdinarlungsoa the upper surfaces while 
the 20&ph lous races have uiuformiy catored eg^s In regions in wh cb there are few 
domest e animals however the soapbiloua races ate driven to h te roan and become 
impofUnt vectors asm certain regsons in the Daoube valley and icceotrsl Russ a As 
living condiii os improve » tuch regions and ammal husbandry u more titeas veiy 
piact ced ih ae race revert to the r sutural hosts and malana largely d sappeari 
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B«tb«r pojnts out that the invasion otcertamsUtw of Brazil by A lamiias has been 
followed sonietimes after 4 lap»e of several weeks by epidemic maUna, » result which 
might be expected where a very efficient vcctot enttred a non immune populauon 

The Rockefeller Foundation has «mce (194*) repotted the total extermination of 
this speaes from Brazil and this feat is said to rank, among the greatest «amtary 
inumpbsol alUime The completestoiyistoldin the monograph entitled Us 
f tfwi/tfein Brazil i9j<v-i94obyl»dI, Sofer&D Bn/rellda07 1545 

Efficient Mosquito Hosts — In planning atili malarial measures it is 
important for an epidemiologist to recognize the digerent species of 
Anophtlts that arc efficient hosts in the community concerned Of the 
various described specie^ of Anophclex {some 180) according to Faust 
and Craig (1940) only about 60 have been jncriininated of transmitting 
human malaria either by naiutal and experimental infection or on cpi 
demiological endence Of these relatnely few are of great practical 
importance Hackett and Russell (i9j8^ state that of the j8o odd 
species that may be considered as potential vectors {since aU that have 
been tested become laboratory hosts of the malaria parasite) the great 
majontv are tendered comparatively harmless in nature because their 
bitmg habits do not bring them mlo frequent and especially repeated 
contact with man While m the United Stales and Europe only 2 or 
3 species arc of primarv importance in India Paul RusscU (1939) reports 
that T3 species are still under suspicion Different races of A macuU 
ptnmx ate the most important m Europe, as A piadrmaculaius i in the 
United States The most important ate listed on page 4; 

Among the factors that may be of importance m the determination of 
efficient mosquito hosts are the breeding places of the insects and then 
distance from human habitations the usual length of their ^bt, their 
abundance seasonal prevalence susceptibility to infection their habits 
choice of hosts (human or other animals), the percentage of human blood 
m the stomach of the insects iheit occurrence and tendency to enter 
human habitations and other houses the time at which they bite and the 
question of a high sporozoite index and whether the sporozoites ate 
degenerated 

Barber who has had an unusually great experience (1937) in mosquito 
campaigns and malarial epidemiology points out that an investigation 
of many of these criteria is sometimes nec« aty to determine an efficient 
host though it may not be necessary always to study them all m detail 
Thus a comf aratively short study of A gomiioe (coifafw) in West Africa 
was sufficient to indicate to Barber and Rice that this mosquito was an 
effective carrier there especially on account of its attraction to human 
dwellings, the percentage of human blood m the stomach and the high 
sporo oite index However in some localities a very long study is 
necessary to acquire satisfactory evidence 

The malaria indexes of the human population may give important 
evidence especially where the occurrence of several mosquito peceis 
vanes greatly m locality or season The parasite index of very young 
children may be especially helpful in this respect, as it sometimes indicates 
more completely the season of malaria transmission 

The fact that the malarial parasite ean develop m a given species of 
mosquito and that the latter can infect man under experimental condi 
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species responsible for the transmission of human malaria has been known 
for some jears every few jears it has been necessary either to add new 
species of effective transmitters to the hst or to extend the geographical 
area in which a species has been found of importance For example 
Simmons (1936} has added A punctimaaila as an important transmitter 
of malaria m the Canal Zone Panama and Shannon (1932), m connection 
with a severe outbreak of malana ID the City of Natal Brazil discovered 
the presence of A gambtat {cosbdu) Also Ro^eboom Fox and Laird 
(1941) report Anopheles bellaior naturally infected in Tnmdad 


Mauris Carrying hlosoorroES 
Species Known to Carry the Malarial Parasite 

In the following table the cUsMGcation of Lt Colootl \\ H W Konp for the 
Western Hemisphere aed of Lt Colooel Paul F Russell for Africa Asia Japan and 
the Far East has been followed 


Noam AusajcA 
A true an} (uiumpo taat) 

A pieeulipe s ta fretitrm (im 
portint) 

A fund fenms (uniapotUst) 

4 f airimaeulitu] (most important) 
bOUTK AND CSKTBAL AUEKICA 

A olb manui (inpoitant throughout 
Caribbean region) 

A alhia sts (locally important) 

A y tlahr (Trinidad) 

A iarhitii (Gulf of Honduras region 
South Amenca) 

A (amh it (now reported to have been 
exteiauaated from bouth America) 

A punclmaeuli (Syn A malefactor) 
Central America not important 
A pse dipunchpinnis itezico and 
Central Amenca a id W est Coast of 
South America N Argent oa Lo 
cally impo taut 

A la iimaculatus (included under this 
name m the literature are sia or more 
species 04 nil s ermlanus osvaldo 
etc of wide dist ibutioi in boutb 
Ame ica the exact relation of which 
to malaria is } et undetermined) 
Etoope 
A algernnsts 
1 h jural 5 
i hy a as 

A hyraaaus var pseudopiclus 
A macul pin s vars at apa mf la 

A plumbeus 
A vttrseat 

A sack tvt Favr (et I s) 


North Africa Near bAsr and Red 
Sea Area 

A flastger (h/u ceSus) 

1 lab inch it I bnticliiae 
A maltiahr 
i pia tens s 
A Si ha tft< (tlusas) 

A sett nh 
A suptrpielus 
Central and Sovia Africa 
4 / ntslus 
A gam^xir 
A (imhta metis 
A hanaeit 
4 hafpeivesi 
4 mtuckeli 
4 mtueketl n fir tnsis 
1 nit 

A phareensis 
A prtlinensis 

Persian Gulf and Caucasian Area 
A sack mt (elul s) 

A stefhensi (type?) 
t suferpicl IS 

Afghanistan Baluchistan India and 
A an inla is (fuhg nts s) 

A fi nallsitsl n ) 

A jejfi tensis 
A leuetsphyrus Itueosphyrus 

A phihppi ensis 
A Stephens 
A sundaicus 
A St perp cl s 
A ve un 
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The type of breeding place of the particular species is also of funda 
mental importance Thus A qttaJrtmacfdalus in the United States 
breeds m quiet pools or swamps Tliorough drainage of such areas 
largely eliminates this mosquit-o and with it malaria The reverse is 
true of some other species in other localities Thus A maadaluT breeds 
m open flowing streams and in certain distncts in Ma!a>a it has been 
possible by damming up the streams and producing pools to eliminate 
this vector and replace it with harmless species In Europe some of the 
races of A »NacK/»^HK« which transmit malaria breed indifferently in 
flowing or stagnant water and drainage projects which are successful m 
America have proved quite ineffective The breeding places of the same 
species may differ m different localities Thus a race of /I Ittdlou-i (sun 
datcKi) which according to DeLa.ngcn and Lichtenstein is the most danger 
ousanopheline mosquito in Java appears toptefer to breedin salt water, and 
this race is largely limited to the coast but m Sumatra a race which breeds 
in fresh water is an important transmitter throughout much of the island 

Although It has been shown that some Anophdes mosquitoes are 
capable of travelling considerable distances (even 30 miles has been 
reported and has been demonstrated) as a rule their range of 

flight IS small (not over a mile) and the) are rarely found m large numbers 
unless there are suitable breeding places m the immediate vicmit) A 
flight distance of too )ards between the breeding place and the home is 
common 

Kligtrr in?ale)un« 3 grades direct Hight about 

iH wulu about as lulometers range of diaperaion dunns tbe breeding leasoo 3>g 
lulometers hibernatiag Sight up to 8 kitoreeten la general it baa been thought that 
tone ic«o 01 1300 yards of water betu een a ship and a malarious coast is sufficient to 
secure immunity to those on (he ship \ranson Baht has pointed out that the infer 
ventKoeia fceito/trMibotaeeaaraatertoMairampsmf a vjJhigesomftjreragJvrsMufh 
protection by fiUenog out the mosquitoes High humidity «lso favors human infection 
because in a period 0! hot dry «<alh«f most of the aduJl mosquitoes perish before they 
become sofectiye 

For reasons which arc not well uodwlood the same speews may be an nsportam 
iranamilter in one repoo (eg A (»«») in the East Indies) and practically 

harmless in another (India) even though it is abundant Alto in Argentina A psettJa 
puneli^nntr u extremely important but in Central and North America it has been 
reported as a relatively ineffective species In the Tederated Malay States A piuck 
lalus IS the most impoctarit carrier an-d A /wd/auv is only of nunor concern but 5n 
Sumatra the conditions are reversed and in the Philippines A i’limmi/s is inuch more 
important than A mocufafuj Even in the same locality a change in local conditions 
which favors the propagation of the meisqiufo may result in converting a species pie 
viousiy harmless into a dangerous traossnitter Tins occurred when the cultivation of 
rice was introduced into Sumatra afley the war An epidemic of malaria promptly 
broke out IraDSmilted by A tyrianuf It had been known that this species was 
present but it had been considered harmless because it breeds abundantly in the nee 
fields of Java and other neighboring isbods and there it is not regarded as a transmitter 
Such points can be determined only by beal epidemiological studies and not alone by 
laboratory eapenments or by analogy from conditions in other regions 

In connection with the tihle of effiaeot mosquito hosts it should be 
emphasized that while the role fJayed by the more widely distributed 
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reference to the infection of mosquitoes They are not usually infective 
to the insect when they first appear m the blood but must be several days 
old before they become infcctne However great variations have been 
found m the infectivity of different mosquitoes James (1931) was 
unable to infect A macuhpeiints when it was fed on patients with gameto 
cytes as high as 12 to 100 leucocytes while other patients having only 
one gametocyte to 200 leucocytes were found infective for this species 
The reason for this fact is not clear but it is suggested that the gameto 
cytes may vary m their power to infect Also it has been found b> 
diSerent observers that mosquitoes become more frequently infected 
from some patients than others 

Other factors concerned in epidemiology are race age sex occupation 
chmatic environment meterological conditions and altitude Thus 
races that have long been exposed for many generations to malarial 
infection have apparently acquired a greater resistance to infections than 
people who have nev er been subject to the disease It is a well recognized 
fact in the tropics that such individuals appear to have a relatively 
greater immunity to malaria than the majority of white people yet many 
of them carry parasites in tbeit arculation and serve as carriers This 
question will be ducussed under racial immunity p 60 

The native children to a striking degree harbor parasites and to 
them in many tropical localities malaria u a prime cause of death After 
repeated infections if they do not succumb a temporary immunity 
usuaUy is acquired and they also may act as earners 

Aft u of some impotccnce m epid«miolos7 first became children mually ibow a 
higher malmal lofeetioa rate in a matanal eoamusity than adults hence they are of 
value as a means of esuntting the amount of malana in a community and of courae 
those with the gametocytes la their btood coostitute a factor in the further spread of 
the disease 

5cx M of sotetest only because there are usuaUy more inlecuons among men because 
men are often more exposed to the bites of infected mosquitoes in tbeir occupations 

OccupalieH IS of importance in that laborers 10 camps about plantations 10 vanous 
engueenng constructive work in agncultural pursuits and soldiers in the field in the 
tropics are brought into greater contact with infected mosquitoes 

There are many important epidemiological factors which relate to 
the development of the malanal plasmodia in the mosquito Some of 
these have been discussed under efficient mosquito hosts Only mos 
quitoes belonging to the genus Anopheles have been shown to transmit 
the human plasmodia and only certain species of this genus arc natural 
transmitters Hence it is necessary that at least one of these species 
must be present m the locality m otia that malana may be transmitted 
there 

Many localities m the tropics owe freedom from malana to the absence 
of anophelmes as for instance Tahiti. Sometimes malana bearing 
mosquitoes may acquire the habit of feeding on animal blood other than 
that of man Thus Barber and Rice (*937) have shown that there is in 
Cyprus a high malaria index in many villages where A superptclus can 
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BnuA Malava Trailavo Indo CarvA 
South China and Fosuosa 
A aciHiiIui 
A (ult{i/<Kt<s 
A kyreanui tinentis 
A jiypcrriensti lOMdtiunsis 
A IKitCuliltlH 
A mimmus 
A sundaiciis 
A umhrosut 

Japan Nostb an» Nosthiast CatwA 
Korea 

A hyrcanuf itntnttt 
A labratHkw alr«panut 
A paUmt 

A aickatati F&vr (f(n(at} 

The Phtuppives 
A tnaMgyanus 
A tntitttntttjhttwlrit 


VEriTEEtANDS EAST INDIES 
A aicrtilus 

A barierffsim (var p3b«j ? m Celebes) 
A kyresnus Ri^erntnuf 
A leuckafphyrutleucatpityrut 
J loch 
A maetilslus 
A mimmuf 

A tuiptelui (probably var tnalayrnsit 
Hacb ) 

A tunJatcut (all tratet ludloTvi} 

A umhrosus 

AtSTXAUA New Guinea Pacipic Is 
UNDS 
A bancrofli 

A putttluJalui puHCtuSoius 
A funclulotiis moluctinsis 


^ ate —The above table does oat include all specif* which have been ejpeiimentalJy 
infected or oaly occasionally found nafutally infected or suspected on purely epi 
demiological grounds It must also be noted ibat apparently the same specie* may 
be a vector m one area but not in aootber 


Epidectuology— The requirements for the spread of jnalana are (i) 
Hunan beings who have sexual forms of the malaria! parasite in their 
peripheral circulation (2) effiaoot anophehne hosts and (3) a sustained 
mean atmosphere temperature above 60 F (16 C ) Whatever favors 
the presence and increase of efficient anophehne mosquito hosts and the 
access of these malaria infected insects to human beings favors the spread 
of malaria 


One condition oeces»aty in order eb«t man way be infective to the mosquUo i» the 
presence of gametocytes w the penpberal blood Not all individuals infected with 
PUsp eJ,„m have gametocyte* >n tbeir blood daring teiSain periods In a series 
studied by Craig gametocytes were found in a litfle over Si per cent of those infected 
«h P filc,farun> and in abont 50 per cent of ibose infect^ wilh P uiax Such 
individuals may be termed carriers of malaria But in order for the individual to 
be a source of mfection not only wus* the gameweytes be present but there must he a 
sufficient number of them to infect the mos<iuito Darimg found that the mosquito 
did not tend to become infected unicsa the wrtier had more than ta gametocytM to 
the cubic miUimeter of blood while Green found that in order to infect A p,9iulolus 
the blood must contain at least one gawelocyte of F /afciponiai to iw leucocytes 
one of P riMr to .000 feucocyte* and one of F fwfanue to 339 leucocytes IIo« ever 
the emet number necessary for infection sanes under different conditions w ith different 


mosquitoes 

The proper proportion of nwcrogametocytcs and macrogametocytes 
IS of importance men macrogaroetocytes were greatly m excess of the 
m.croganrt<.cyK. there wet h reductwn m the oember o! teosqe.loes 
Set beeme infected The ege »f the semetotytes « .nother lector with 

II. r.r,nii>bT kniiht USNR w a personal Communication (ipi*) reports that 

U X’*" the Hebndes Islands is A aopMe, p 4n>, r 

anopKeUne* b*ve recenUy been d»*ctr««d fbere 



UAIASIA 47 

proves that ttroperatures ipprojumaUng liteang cues wiU fail to destroy the parasite 
o{ iuhernatmg mosquitoes 

Mosquitoe may hibernate and possibly cause new infections the 
following spring On account t>i Mitamain s negative experiments with 
hibernating mosquitoes some observers bebesed that cases of malaria 
m the spring are usually due to relapses and that man is usuallj the 
winter earner However a number of other observers have shown that 
It i possible for the plasmodia to remain alive in the mosquito throughout 
the winter and renew their development in the spring 

ttenyon lound ezponmeDtaUy that mouiuitoes which had fed on malarul blood 
and were Vept at incubator temperatures Cor a weeV. to allow devebpraent of zyg ites 
showed inhibition of development ot zygotes wten kept at temperatures corresponding 
to hibernatiag ones This treatment did not kill the lygotes and complete development 
took place when subsequeaUy the mosquitoes were again subjected to incubation 
temperatures from this and other ohMrvatioDS it would seem evident that the 
plasmodia may sometimes remain viable during the winter hibernation and may renew 
their development m the spring However Miiamain regarded hibernation as destruc 
live to avgotes 

Climatic environment is important is regards both the frequency of 
malarial infection and us seteniy It has been pointed out that m the 
w aimer countries P jaUtparum is usually the prevailing species where the 
temperature and humidity favor its development in mosquitoes and where 
moisture temperature and rainfall are especially favorable for the breed 
ing of the mosquito host In such areas the disease is often endemic and 
common and pernicious infections are frequently observed On the 
other hand in temperate climates where the temperature conditions do not 
favor to the same extent the development of P foUtparum m the mosquito 
the milder infections with P « ot prevail the climatic conditions in such 
regions being more favorable to the development of this pecies in the 
mosquito 

The effect of climatic conditions is also shown m th« seasonal preva 
lence of malaiia the disease being absent usually in winter in the temper 
ate zones but present throughout the year in the tropics However in 
tht tropi a malaria is mote prevalent usually during the beginning and 
toward the end of the wet eason and less so during the latter part of the 
dry season 

In the southern United States Boyd and Kitchen found in expen 
mental therapeutic inoculations of ISS white patients by mosquitoes 
infected with F tijor that the largest proportion of successful inoculations 
were secured dunng the summer months ot July August and September 
The incubation periods were the shortest and the clinical attacks longest 
and the liability ot reciudescences greater The largest proportion of 
unsuccessful inoculations occurred dunng January February and March 

In Macedonia Barber and b » associates (lojb) have tound that Iranaraission of 
maUna begins defin telv dunrg tie months of hlav and June and reaches a maijajura 
intbep niadof July ihioogb^epveibbet Transmi son during October and November 

w s few hardly above that of winter The ^cies of Plasmod urn among infected 
nfants showed a marked seasonal inodencc emu predominating in spring and falci 
tatvn and malt mt in late niminet and autumn 
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be the only vector In that island, domestic animais are relatively few 
in villages during the summer The deviation to animal hosts is only 
about one sixth of that which taheS place in Macedonia and the sporozoite 
index IS nearij 7 times greater However m parts of Macedonia they 
find that J sitperpuiut plays a minor role m the transmission of malaria, 
since here in spite of its abundance and its relatively high sporozoite 
index the species is especially attracted to domestic animais as hosts m 
preference to man 

It is well recognized that rural populations are more liable to malana 
than those of towns and as the population of a country moves to the 
industrial centers human blood may become dif&cult to obtain and the 
anophelmes turn to other sources of blood supply It has been suggested 
that mosquitoes may suffer from other infections which may be mimical 
to the development of malarial i>gotes or that certain vegetable food 
of the female maj destroy them Smton and Shute (1938) haie shown 
that under favorable conditions of environment A maeiihpennis infected 
with P max show no higher mortality than uninfected mosquitoes 
Death from infection with Plasmodia is therefore not responsible for the 
fact that certain species are not natural transmitters The sporozoites 
m some species and at certain seasons become degenerated in the mosquito 


\aepbettBM bUe chiefly m the tirilicbt «d 4 st oigbl tsd m conneetjon with this 
tact the thutUQg o( wmdews toward oighttaU bat been the custom lor sges in many 
mstariout parts of the world Dunng the day they telrct soise dark pUce nr dark 
colored wail for tioepuig ff«ac< (he advantage of a buH-coIored wall interior 

Anophelmet do not Uke wind and often teek the protection of uaderbnith As 
regards dutaace of flight from breeding places which has already been referred to 
(usually not over a oul«) MeU has noted that A rrunoar were not distributed generally 
beyond 7000 feet They were rarely encountered belwern 7000 and 9000 feet beyoad 
which distance they were not found Watson and Spain regard the maximum flight 
of A iua4rir>nieulalu} in the southern United Stales as one mile 


While anophelmes are usually rural or at any rate prefer the suburbs 
of cities one must differentiate betsveen domesticated and wild ano- 
phelines these latter keeping away from man and consequently not 
playing a transmitting role 

Temperature is a most important epidemiological factor for unless 
temperatures are favorable, development of the plasmodia in the trans 
mitting mosquitoes will not occur The most favorable temperature for 
development of the mosquito vanes according to the species of plasmodia 


The xygote of P mo/anae dereli^a nt a fower temperature than f »itr<r* and ? 
faktp3ru» The opliBiumteaiperatar* for -the development 01/* wra tin the mosquito 
has been given as 7$ C (77 F ) and coroptete developcnent wUl occur in about j r days 
at this temperature For P malcnae the optimum temperature has been given as 
7» C (?i T) development is coo^ilete usually w ffom 18 to ti days For 
P fatciparum the optimum tem5>eratafo has been reported as 30 C (86 F ) and devel 
cement w complete in from 10 to r t days The nulsnal sygote will not develop >n the 
stomachof the mosquito if the teroperatuie » below tO C (60 F ) Our earlier views 
as to temnerature requirements for the devetopmecit of sygotes in the mosquito must 
bechsoged as King has shown that F wMspowoU wiU survive exposure to tem^ra 
tures of 30 F fcf two ^ /aleipamm temperatures of 33 F for one day This 
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Small collections of water or sluggish clear streams having a border 
growth of grass or rushes are preferred hj many species of Anopheles for 
depositing eggs 

Tbe pools made by t cavations foUowiog railway or oCiber similai construction are 
favorite breeding places (borrow pits) In many such locations the small fish or 
tadpoles which prey on the larvae cannot work their way through the obstacles and 
again petroleum oil cannot be easily distributed in a network of grass Anopbelines of 
different species and of different conntnes seem to vary much m their selection of water 
for depositing their eggs On the whole cnlicines do not seem to object to foul col 
lections of water while the anophelines generally avoid such breed ng places In 
Timidad B \\ I a malaria vector breeds in water holding bromebads in tbe cacao 
plantations However one should not generative but go out and search for breeding 
places Paul Russell points out that in India the vectors of this disease breed not only 
in classical marshes and ponds butin ram water mn erpools in seepage in salt water 
in wells and cisterns and even in bootpnnts 

Pathology and Morbid Anatomy 

Blood — In fatal cases of malaria the pathological lesions are those 
connected with the destruction of enormous numbers of red cells not 
only the infected red cells being destroyed but also others not so para 
situed It has been suggested that at the time of sporulation and rupture 
of the merocyte a totin is set free and that haemolysins and endothelio 
lysms are produced Brown believes that the malarial pigment (melanin 
or haemozoin) acts as a haemolysin and by being taken up by endothelial 
cells brings about their degeneration with associated capillary haemor 
rhages All three factors — red cell destruction by parasites haemolytic 
action on red cells and capillary haemorrhages lead to anaemia 

The anaemia which is dependent upon the seventy and length of 
the attack of infection may be slight or severe In mild acute infections 
it may not be apparent but since malaria is always associated with 
haemolysis some degree of aoaemia is usually present Tbe most serious 
form occurs in malignant subterlian infections where the haemolysis 
may be so intense as to cause blackwater fever with severe haemoglobin 
uria Manson Bahr points out that after a severe single paroTysm of 
malignant tertian malaria a blood count may show that as many as one 
million red cells per cubic mm have been destroyed and this destruction 
may go on until the blood count may reach only a million or even less 
However the anaemia is generally not prominent in mild benign tertian 
and quartan infections In chronic malaria in Caucasians Fairley 
(1934) in some 30 cases of malignant tertian infection studied in England 
found that the anaemia was not severe the average number of red cells 
being 3 826 000 per emm and the average haemoglobin about 73 per cent 
In addition to the malarial oligocythaemia changes may occur in 
the red cells themselves as poikilocytosis anisocytosis stipplmg and 
polychromasia In stained preparations by Romanowsky s method from 
chronic cases of malaria the presence of blue or purplish dots and granules 
(stippling punctate basophilia) is not uncommon In the earlier litera 
ture on malaria this basophile punctation was regarded as a degenerative 
Tadpoles are generally vegetanana and do not eat mosquito larvae However 
the e IS an esception in the tadpole of the spadefoot toad (komp 1 
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Sojl moisture and altitude influence the prevalence of malaria, accord 
mg to whether they are or arc not, auitablc for the breeding of efficiem 
mosquito hosts 1 1 is a « eli known fact that in many malarious countries 
so long as the soil remains undisturbed cases of the fever may be com 
paratively rare but when budding construction of roads and other 
operalions implying soil disturbance are undertaken, then severe attacks 
of malaria may occur This is particularly because sod disturbance 
usually implies the formation of eicavations and holes m which puddles of 
water occur favorable for the breeding of mosquitoes For the same 
reason earth cutting in the clearing of ;ungles produces changes in the 
general physical appearance of the locality which may favor the introduc 
tion of especially efficient species of mosquitoes of transmission Hence 
It IS obvious why malaria is more common in flat low lying, marshy 
regions m the terrain along the foot of mountain ranges and along the 
deltas of large rivers when people reside m such localities rather than in 
well drained uplands and cartluUy cultivated districts which are more 
often malaria free 

Altit has apfsreRtly little Inttuenre oo mataris up toieveral thouiSftdft<( 

but the duesie is usually rare at hl^b sttitudcs Ifonever In t ourabef of tropicri coun 
tries malaria hai been reported ae IndiSenoui in high altitudes tithovitb not prevalent 

Thus it has been found in the Tar Cast in the Himalayas at soeo feet in Southern 
India at between jooo and dooo feet Jn Africa In the Belgian Congo in the plateau of 
ItUfi at 5009 feet and at Ruwenaon at dooo feet The highest endemic altitude 
reported has been at 9000 feet (R. Quito £euador Morin and his asiociatei 
have found that malaria is very severe and Uarkwater fever quite prevalent in Indo 
China at an altitude oi jooo feet They believe ibat nalaria was introduced to this 
area by aoUiers and immipants from hyperendemic areei at lower altitudes A mnt 
w»M was found to be the vector At altitudesof 3500 feet In many parts ol the iroples 
malaria may be fairly frequent Mirra (*937) has studird the distase at this altitude 
in Guatemala where i’ /jhi/a>u» wa* the parasite concerned and d 
^ennu was found to be also a Irsnsraitirr tega (rw8) m Itaiuii East Africa at 
altliudrs between 3000 and 3600 feet found malana very prevalent with spleen rates 
among the poputstion up to 90 pec cent Cahomet (ipyb) found in the Ituri at jooo 
feet that A tambtat and A (hmtyi were brerdins in small fwndi created by dams 
placed across ravines to impound water for agricultural pursuits White (ipjf) has 
especially studied the epidemiology rf malaria w the Jeypoie IWl region «{ Bengal 
Twelve species of AntpMu were ewiwftcd but only 3 of the species were found to 
have natural gland Infections TbesewereA minimus minimus nr varuna and /I 
^Kiiurifif {llslanti) Maiana in this rwm at •* altilude of loeo feet was tram 
mitted enlHtly by these aperies Stratman TTiomas I** Cyprus found that 

spleen and parasite indices were highest at altitudes of roo^-tsoo feet Above 1000 
feet the parasite rate was considerably bigberlhaa the spleen rale 

Aftitude importantiy diminishes the amouriC of malaria by lowcnng 
the temperature Thus m Europe aiwl the noTthern United States 
malaria docs not occur in situations greatly above sea level In addition 
altitude may also crert influence upon drainage since at higher levels 
accumulations of water suitable for the breeding places of mosquitoes 
arc less extensive 


Colonel I A fox points out that In Kenya lbs Malan* endrmic areas generally 
extend to altitudes of 600a feet and In ahelwred mountain valleys A Camhue btrrds 
freelv and causes severe outbreaVs of matana at aHvatJow* extending to 8000 feet 
above sea level (report lo the Surgeort Ccacral Saaitary Survey roe* ) 




quently infected than the mature red ccUs It was suggested that the 
erythrocytes became infected only when in the reticulocytic stage 
Jacobsphal confirmed this report and stated that m new infections with 
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change However Whitby and Bnttoa (1937) regard stippling as a 
sign of immaturity and due to the large amount of reticulum within the 
ceil Obviously this condition should not be confused with the basophilia 
m which the ba ophils or mast cells, are increased These cells also 
formerly regarded as degenerated cells, have been shown b> Sabin to be 
normal cells Other alterations m the infected red corpuscles maj also 
occur and will prescrtl> be considered 

The atiaerata m chronic malarial infections is caused by the continuous 
slight haemolysis, and the bone marrow is constantly stimulated to 
replace the deslroved cells It is common therefore for the blood to 
contain a considerable number of reticulocytes, even without treatment 
This feature is sometimes so striking as to give rise to difilcuUies in 
diagnosis unless malaria is suspected since reticulocytosis with a hypo 
chromic anemia is found also after haemorrhage m acholuric jaundice and 
m lead poisoning 

U{Mn exanin&tioa of the penphetal blood in F nfdt lafections corpuscles may be 
found coDtauuns at difierent limn all Ibe diUrmit slaju of the parasite As the 
parasite sraw in sire the ted cell enlarges and becomes paler Sometimes the cor 
puscUs appear to be uearty twice the diameter of the healthy cell* If the preparation 
IS heavily staised firewoiple with riemsasaolutwo there may be seen m the la/ected 
corpuscles a fine red stippUns (SchaSoet s dots) These ate usually more plentiful 
much smaller and mote constant tban arc Maum s dots observed in P falcifarum 
infection However in some of the older *ttax para ites Scbtlf ner % dots may also 
become coarse and prommeot Tbe presence of SchtiSner s dots was formerly regarded 
as diagnostic of the species but they do not always ocrur in itrax mfectwa and they 
have been noted in P eta/e loiectioos 

la is'ections with 7 * evaJt tberedceUnay be oval 10 shape with irregular margins 
It u pale but seldom strikingly enlarged In infections with P mafarMe the red cell 
IS not enlarged sometimes it appears sligblly smaller tban the surrounding cells It 
does not show constant color changes SchUffoett dots and Maurers dots are cot 
present but Janies has sometimes noted in lightly aiained specimens indistinct dots 
or points which he terms Ziemann $ sUppUog 

In P falofarum infection the only forms of (he parasite which are usually found 
in the peripheral blood are the nog forms or crescents or both The red cells which 
contain ting forms of the parasite ate not enlarged but the red cells which contain 
crescenta are frequently only visible as a pafe disc extending across the concavity of the 
crescent The other corpuKles are sometimes copper colored and there is not the 
fairly constant pallor seen as In chronic aiwix infectNC Some of them contain coarse 
dots which usually stain vioUt in color and may vary considerably la sue Sometimes 
these appear as irregular mottling and give tbe appearance of dells in the protoplasm 
Th se (Maurer s dots) are regarded as dagoostic of P Jalctparum infection Ifowever 
they ate frequently absent and are usually only found when the infection is heavy 
In chronic infections true megalocyles ate aoroetimes seen n the food as well as 
very minute dark colored spbericat corpuscles which may be nucleated Also in the 
chronic eases there is a decrease in tbe blood volume and in addition to the destruction 
of the red cehs there may be a marked baervogtobm diminution of the surviving cor 
puscles to 50 ao or even lo per cent (Haldane) As a result of this there may be a 
diimoution of the total haemoglobin content lo a greater degree 

Fairley (1934) has especially called altervtion to the reticulocytosis 
which may occur m maiana and has emphasued that a Ktiwlocyte 
crisis maj foilow the proper control of malaria with quinine He believ es 
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P falciparum parasitize the erythrocyte# of all ages and that the number of adult 
erythrocytes parasitized are much greater than that of the reUcuIocytes Kitchen 
believes that U right s stain for vital stauung of leticnlum in immature erythrocytes 
by the dry slide method is as satisfactory as brilbant cresyl blue 

The leucocytes are usually increased dunng the actual malarial par 
o^ysm but subsequently when the temperature has reached its highest 
point and toward the end oi the attack they become dunimshed, some 
times to as low as jooo per cmm After the malarial attack the leucocyte 
count may again become normal However the characteristic picture 
of chronic malaria is that of a moderate leukopenia with an absolute 
increase in the monocj tes In fact a leukopenia with a monocytosis of 
15 or 20 per cent 13 suggestive of malarial infection The greatest increase 
in monocytes takes place during the apyrevial penods 

Piatacylotts — hlalanal pigment Tenmantsof degcnemtmg parasites and red blood 
corpuscle# are often taken up by the polymorpbooudeai leucocytes and monocytes 
Much destruction of the red blood corpuscles both normal and those containing 
parasites takes place m the ^leen This process of blood destruction is believed to be 
one of the pnncipal causes of the matanal anaeau 

The large number of pigmented aacropbage cells seen in the splenic sinuses are a 
charactenstie feature of the pathology especially of infection with P faleiparum The 
presence of p goent contaumg leucocytes tn the penpheral blood gives evidence that 
the patient is infected with malana 

Tke \ ueera —The most striking characteristic feature in cases which 
have died after protracted infection is the slaty or blackish pigmentation 
of the organs especially oi the spleen liver bram and sometimes the 
intestinal mucosa It is due not only to the parasites themselves con 
taming grams of pigment but especially to the quantities of pigment set 
free from disintegrated parasites and present in innumerable phagocytic 
cells both of the type of wandering macrophages and of the endothelial 
cells of the capillaries 

The malunal pigment which ># present to the body of the parasites is probably 
derived from the red cell Since it only arises as the result of growth and metabohsm 
the young ring forms do not show any pigment tbe pigment increasing in proportion 
as the trophozoite grows at the eepense of the red cell The conditions known as 
SchuSners and Maurer s dots result from an altered staining reaction on the part of the 
cytoplasm of the red cells themselves They are not la the parasite and are not due to 
pigment 

This malarial pigment is insoluble m strong acids but is quickly and entirely dis 
solved by amonium sulphide and is altered by potash In acute infections it occurs 
generally m mmute grams but id chronic cases coarser particles ate found and agglomer 
ations mto irregular shaped lumps Malanat pigment is au iron-contaming pigment 
of haemaglobm which is prunSnly spbt up into a proteid globin and the p gment 
h ematin from which haemozoui is denved This p^ment is found m no other disea e 
in the circulation though as an evtra vascular patlMlogical product a similar pigment 
is found in schistosomiasis and certain mdanotic Inmors Ilowever only in the cells 
o! the tumor and never m the blood ves els 

Malarial pigment is most abundant in the splenic vem In the other blood vessels 
It IS observed in leucocytes but m the qilemc vem it is included in large white cells 
probably identical with the splenic pulp cells This «a apparently due to the fact that 
the spleen is a special place of desCmat on of the haetnozom laden leucocytes and is also 
apparently a place of predilection of the parasites 
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either P max or jalcxparum the reticulocytes were chiefly infected and 
that as many as 90 to 98 per c«it of the infected cells were reticulocytes 
Since these observations considerable difference of opinion has been 
eipressed about the matter 

Schdffntr and de Graf CiW?) observed a greater relative frequency of infectioa m 
immature erythrocytes both by P «m* and P Hov^ever DeLangen and 

Lichteostein sUte that viul aUming methods have revealed to them that 
the parasites choose the older red cells la preference and seldom attach the younger cells 
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P parasitize tie eryiirotytes <A ft& Ages «n<J that the uutabef o{ adult 

erythrocytes parisitued sre much greater th*a that of the reUeuIocytM Kitchen 
brieves that %nghts sUln for vital sUuimig of reticuluin sa iamature erythrocytes 
by the dry side method ts as satisfactoiy as bnltiast cresy! blae 

The Uucacyles, art usually jncieased daring the actual malanal par 
oxjsm but subsequently when the temperature has reached ita highest 
pomt and to« 3 rd the end of the attach they become diminished some 
tiroestoaslow as scoopercraEi After the malarial attack the leucocyte 
count may again become normal However the characteristic picture 
of chronic inaJajia a that of a moderate leukopenia wilb an absolute 
increase in the monocjtes In /act a leukopenia with a monocytosis of 
15 or 20 per cent is suggestive of malarial infectiea The greatest increase 
in monocytes takes place during the apyrexial periods 

—MtUnsl pigment rrmcADts of degmetatiog psrasitM and red blood 
corpuscles are often tahea up by the potymorphoauclcar leucocytes and monocytes 
Much dniTuction of the red blood corpuscles both normal and those cootAimng 
pacasUes takes pdacaiA the spletn Tbiapt&cnsotblooddestnictsnnvsbelievedtoba 
one of the pnoeipal causes of (he malanai anaemia 

The large number of pigmented fflatropbage cells seen m the pUmc sinuaes are a 
charsetenslic featUK of the pathology especially of infection with ^ /a/ctfaraw The 
presence of p gment contauung leucocytes m the peripheral blond gives evidence that 
the pat ent ts infected with maUna 

TAe Vuciro —The most striking chardctenstic feature in cases which 
have died after protracted tafection is the slaty or bbekub pigmentation 
of the organs especially of the spleen h'er brain and sometimes the 
intestinal mucosa It ts due not only to the parasites themselves con 
laming grains of pigment but especially to the quantities of pigment set 
free from disintegrated parasites and present in innumerable phagocytic 
cells both of the tj^ic of wandering macrophages and of the endothelial 
tells ol the capdlanes 

The mUirul pj nent attach ii present la the body of the pnruitM is probably 
dtnved from the ted cell Suite il imly an ex the result of growth »nd tneUbolism 
the young ling forms do not show any pignient the pigrrient catteas ag in proportion 
»s the trophozoite grows at tie expense of the red cell The conditions imown as 
Schhanets and Maulers dots result from an aturedstauuag resctvJh notbepaitof the 
cytoplasm of Chc red eeUs thcmsclvts They are not in the parasite and are not due to 
pigment 

This malarial pigment is uisaluUe in stroijg acids but is quicliy and entirely dts 
solved by amoniuai sulphide and is altered by potarii In acute izi/ectioos it occurs 
generally la minute gra ns butinchtotuccasescoatserpatUciesarefoundandagglom r 
ations into irregular shaped lumps Malarwl pigment ts an iron-cantaiaing pigmeat 
of haemagiobin wbch w primary jpbt op into a proteid giobin and tic pigment 
haematio from which hsenjozom tsdenved This pigment is found in no other d sease 
circulation though as an extra ascular pathological product a sinular pigment 
is found in schistasooiusis and cmats meUiMtic tumors However only lo the cells 
* *'s» ''*''** ® the Uotid vt»tb 

otalarul pigment is most abundant us the splenic vein In the other blood vessels 
®^“tved iQ leucocytes but in the ^leaic rein it is included in large while ceils 
the splenic pafpttfig ThHis apparently due to the fact that 
the spleen IS a special place of destutatiOQ ^the baemozots laden leucocytes and is also 
apparently a place of predilection of the pansites 
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By fat the greatest part oS the ]>Lagocytosed pigmeot lo the spleen nccur* w the 
spleen pulp and ui the Bwicwpbsges Aod k^r polyhksts of the pulp but it may also 
be found in monocytes (large mononucfeatcdli) and in cells iuung thesionses and even 
exceptionalJy in the lymphocytes U may be present in the artenes of the hlalpighuo 
corpuscles but it la only rarely ornotetall encountered in the 'klpighian corpuscles 
themselves Malarial pigweiit does not occur in tie hepatic cells in either acute or 
chronic malaria It hontver is frtquenlly noted lo tlie eadotbebal phagocytic cells 
of the liver sinusoids especially m the kuppfer cells of the intralohulat capdlane In 
these Cells it often occurs at megular muses other inslsnces as finrr or coarser grams 
In addition to the haenwaoin there is usually found in the organs a considerable 
amount of yello v or brown pigment kaemastJmn This pigment is found not only 
in the capiUaries but also in tie psreBChyma cells of tie liver spl en pancreas iidney 
bone marrov and lie connective tissues It ts found in liege quantities in acute 
malaria in the form of small granules around tie central vein of the lobule of the liver 
gradjally diminishing toward the periphery It « commonly observed in chronic 
malaria 

Kaemosiderin which u of eiythrocytic oiigifl w however found in increased 
amounts not only in malaria but also in other diseases a sociated with excessive destruc 
lion of red blood cells Apparently under this name a pigments have been included 
only one of which contains icon The other hub free pigment is haemofuscia The 
iron-containing granules are espe (ally found nUer active haemolysis and can easily be 
demonstmied by the blue stain wiieb they take after treoiment with potassium ferro 
cysDidc Bytlusmcthod thehatmosm tawbicbtborenis&rmlycombiacd appears 
black nbile the iaemofuscm remains yeUon lo chronic malarial caebuia yellow 
pigment alone may be present 

PtlytMit — In some cans of maUna baemoglobmaemia becomes marked sad then 
tie secretion and fiow of bile are cottespondiogly increased If this dow of bite » 
excessive ao called bilious symptoms may appear such as biious vomiting and 
bilious diarrhoea which ate not uncommonly seen in the fora of malana known as 
bilious remicteat (ever la such toslances polycbohs is a constant end often ujgent 
feature lO laalana and gives evidence of the presence of Int haemoglobin in lie blood 
It IS not improbable although this point is disputed that the yellow tinge of tie slun 
and acterae oftea observed la realans is due to UaUpg of the tissue by the libereted 
haemoglobin and net as is popularly believed to biliousness or cholaenua from bile 
absorption Since there is usually a great omouee of blood destruction dming a 
malarial attack is many cases an increase ta the bibrubin is the blood oc iirs Bvenio 
cases w here there is no apparent ;aundKe and no trace of bile pigment in the urme the 
indirect reaction of van den Bwgh is somelioies positive and may show a gradual rise 
during the course o! tbe malanai paroieysm 

TAt ilaeJtitfa is decreased dunagthe course of maUna! fever and in the chronic 
cases there is a tnnked dvmmutioo in the volume of the blood so that at autopsy lo the 
cases of fong standing we do not find (hat congesCmii of Che cegaos which (s usually 
common in many acute specifi infections 

Tkettrtne asarule m infections with i* mofotP moiattat shows nothing abnor 
mal though a small amount of albumen and hyaUn and granular casts are ocexsiodally 
observed in severe infections However tn cases of P malariat mfecUon of long 
durstWB kidaey disease has been fretpienlly noted by MacFie w Nigeria and Giglioh 
m British Guiana Lambers reported rephnUs la nearly per cent of quartan cases 
of mafana in Dutch Guiana as compared with <-j per cent in wro* and iaJopsrum 
infections Manson Bair has nppbed the term nephrosis to the toxic nephntis 

which some observers Ihwh is more common ui quartan infections Boyd and Proske 
(i^t) found in quartan infections a trace ti albiumn was defittiteiy assoaated with a 
depression in tbe plasma albunun 

Morbid Aaatomy— The sple<n vanes m size color and consistency 
according to the length of time tbe infection has persated and its severity 
It IS usually more or less enlarged and the surface dark, ted or chocolate 
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colored The cut section is often pigmented The capsule is not thick 
ened and is easily torn In rare jnstanas the spleen may not be enlarged 
and it may be olhernise normsl m appearance In acute cases the 
parenchyma may be almost diffluent so the pulp can often be washed 
away with water The splenic nodales of a greyish white color fre 
quently stand out with great clearness against the surrounding dark 
^ckgtomd but in otbti instances they are not visible uv the rauch 
snoilen pulp In chronic infections while the spleen is also usually 
enlarged it is generally firm or of a hard consistency (aguccake) Its color 
may be grey ish or dark slaty or m very severe and long continued mfec 
tions even black In some instances it becomes enormously enlarged 
In the primary attack much of Uie enlargement of the spleen may be 
accounted for by the simple hypcracroia In edder cases the enlargement 
IS due especially to the accumulation of parautes and the hyperplasia, 
of the activated macrophages these apparently being increased m number 
as well as in size 

The degenerative changes whKh occur in the Malpighian follicles m 
acute cases vary from the diminution of lymphoid cells to atrophy and 
marked necrotic changes Gross lesions of a more or less degenerative 
nature which ate sometimes present m fatal cases are — haemorrhagic areas 
in the pulp thrombi in the arterioles and capUlanes of the spleen and 
various degrees of infarction Areas of focal necrosis in the spleen pulp 
and apUmc fol\«Ua have also frequently been encountered sn pernicwus 
cases though there are few reports of their occurrence in chronic ones 

Miemscopical cxamiaation r«v«als that Uk s^eco >» usually estentiveiy mvsded 
by lha parasites sod ji the ease of P filupotum the mote mature segnentins forma 
ate generally only seen here In fatal cases an eitomtous cumber of red celti may be 
parautued and rasoy monocytes contain the pisioent iSre Plate III ) 

Microscopic sections often show a difluse {ngnientaiion eatept wilhai the MaJ 
piShuD corpuscles irbene the baemoaoin is found in the sunoiisdmg splenic pulp In 
both the aplten aod the bone tnanoe. the pigment n found iiv endaiheUoV tcUs stpamed 
from the blood vessels as n 11 asm (he endolfaelial cells of the iraiJs of the blood vessels 
'fany of the endotbeUal cells of the siouses ere loaded nol only with pigment but n ith 
parasites and fngmenta of cells 

The Liefr — severe fatal snfeettuns the liver is usually congested 
more or less chocolate brown in color and somewhat enlarged In 
acute fatal cases cloudy swelling assoaated with varying degrees of 
vacuolation of the hepatic cell cytopb^n may be observed la chronic 
malana the color is often darker and more slaty and hyperaemia is less 
marked In such eases a great increase m the amount of connective 
tissue throughout the organ may sometimes be present There however 
13 much doubt as to whether the mahtnal paeasite is capable of bringing 
about sclerotic changes m the liver JveaoUc foci occasionally occur in 
the liver in the portal areas Occaswttally they may be sufbcieritl> large 
to be seen n ith the naked eye &Iost commonly they invoh e the central 
aones of the Ijv ei lobules 

The endothelial and Kupfler wUs we packed with black pigment 
The parenchymatous cells of the liver do not contain this pigment but 
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A Thict Films 

Ai Plasmodium rizax ChAnetemUc for tbe spca«s in thick films is the presence o( 
the parasite in sanous stages of development together with the distinctive 
amoeboid form The heavily pigmented parasite in the nghtporbonof the field 
IS a gametocyte The Urge purplish objects are leucoc}tes showing the usual 
distortion seen in thick films 

As Plasmodium malanae Vanousdesetopmcntal stages are present as inP nrozbut 
the parasites are smaller more compact lack the amoeboid shape and are heavily 
pigmented 

A3 Plasmodium Jaleiparum Only nng forms o( the trophozoites are seen These 
together »itb the eharactensucally shaped gametocyles (creKents) make identi 
fixation possible 

B Cerebral maUna Smears taken postmortem from a fatal case of malignant 
tertian malana (From a case of Lt J J ^apero Medical Corps U S Navy) 

81 Smear from spleen Almost one third of the red cells are parasitized «ith P 
faletparum Note the mature scbuontin the upper portion of the field and three 
monocytes contaiaing pigment 

Bs Smear from brain Acapdiaryofthebraindistendedand blocked aithredcells 
scarcely one of nhich has escaped being parasitized A mature schizent 11 in 
the upper left part of the field 

B3 Smear from bone marrow The parasites though less numerous than in the 
smears from other organs are present in considerable numbers In the upper 
part of the field is a meUniferows leucocyte 
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UALARIA PARASIT£!> 

A Thick Fitma 

Ai Plasmodium tnax Ch^ractemtic for the rpecies in thick film* u the presence of 
the parasite in vanous stages of development together mth the distinctive 
amoeboid form The heavily pigmented parasite in the right portion of the held 
IS a gametocyte The btge purplish objects are leucocytes sboiring the usual 
distortion seen in thick films 

Aa Plasmodium malarial AanousdevelopmeotalstagesarepresentasiaP vicoxbut 
the parasites are smaller more compact lack the amoeboid shape and are heavily 
pigmented 

A3 Plasmodium falciparum Only nog forms of the trophozoites are seen These 
together with the eharactensticaUy shaped gatneiocytes (crescents) makeideoti 
fixation possible 

D Cerebral maUna Smears taken postmortem from a fatal case of malignant 
tertian malana (From a case of Lt J J Sapero hfedieal Corps U S Navy) 

61 Smear from spleen Almost one third of the red cells are parasitized with P 
falciparum Note the mature scbizont m the upper portion of the field and three 
monocjtes contaioing pigment 

Bs Smear from brain A capillary of the bram distended and blocked withredcells 
scarcely one of nhieh has escaped being parasitized A mature schuont is m 
the upper left pact of the field 

B3 Smear from bone marrow The parasites though Jess numerous than in the 
smears from other organs are present in considerable numbers In the upper 
part of the field u a melaniferous leucocyte 






Plate III 
UALAKIA PASASnSS 

A Thick Films 

Ai Plasmodnim tiiax Charactcmtic for the speues m thick films is the presence of 
the parasite in venous stages of devcli^ment together with the distinctive 
amoeboid form The heavily pigmented parasite la the nght portion of the field 
IS a gametocyte The large purplish objects are leucocytes shomog the usual 
distortion seen in thick films 

Aa Plasmediuni matanae Various developmental stages are present as in P moxbut 
the parasites are smaller more compact bck the amoeboid shape and are heavily 
pigmented 

Aj PlaimediuPt Joletparum Only nng forms of the trophozoites are seen These 
together »ith the charactenstically shaped gametocy tes (crescents) make identi 
filiation possible 

B Cerebral malaria Smears taken postmortem from a fatal case of malignant 
tertian malaria (From a case of Lt J J Sapero Medical Corps U S Navy) 

Bi Smear from spleen Almost one third of the red cells are parasitued isith P 
falciparum Note the mature Khizoot in the upper portion of the field and three 
monocytes containing pigment 

6s Smear from brain A capillary of the brain distended and blocked withredcells 
scarcely one of which has escaped being parasitized A mature schuont is in 
the upper left part of the field 

By Smear from bone marcow The parasites though less numerous than in the 
smears from other organs ate present u considerable numbers In tbe upper 
part of the field is a melaniferous leucocyte 



ent haemosxderin which gives the 
it contams iron does not give this 
I only diffuse pigmentation of the 
contain parasites some within red 
* s may be congested and show parasites 

mg forms ovoids or crescents 
iden hue due to the deposit of black 
^ t the capillaries of the brain substance 

ense infections one often finds that the 
asses of corpuscles bearing parasites 
id occasional free parasites The masses 
\etitable thrombi Obstruction of the 
nipaicment of the endothelium is found 
P falciparum infection However such 
J in fatal cases of severe P vuax infection 
en larger haemorrhages occur in the white 

lustrated a film from the bram of a case of 
pillaty of the bram is distended and blocked 
ntaiD parasites 

1934) and others have observed aggregations 
infections These ha\e been designated as 
'ie> are apparentl) perivascular nodules ongi 
associated with focal necrosei* and hemorrhages 
inmalory defense process 
changes similar to those found m the spleen and 
tages It IS usually soft hyperaemic and almost 
or reddish brown in color In the chronic cases 
insistency probably due to cellular hyperplasia 
'ion usually reveals the paravites in the red blood 
ctamfeious leucocytes 

csent any typical pathological changes after death 
acute disease they may show more or less conges 
ith occasional infarcts In chronic cases they may 

eys do not show macroscopic pathological changes 
cloudy sweUing hyperaenua or punctiform haemor 
of the pelvis and calyces may be present Boyd and 
e the conjunction of oedema albuminuria and the 
protein leads to the conclusion that malaria infection 
rather than a nepbntis The presence of urobilin in 
Cb an important indication of latent malaria The 
> in blackwater fever will be discussed under that 

le shows no special pathological change However 
of subtertian malaria Wenyon Dudgeon and Clark 
fatty degeneration similar to that which occurs in 
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sulfonamides may be regarded as an exception However active 
immunity m a number of acute bacterial infectious diseases not only 
occurs but terminates the infection and the patient reco\ ers without drug 
treatment 

The question of the occurrence of immunity in malaria has been 
extensively studied in recent years not only from the epidemiological 
standpoint but from eeperimental inoculations which have been carried 
on in both man and animals However in interpreting the results of 
the inoculations in man which havebecn earned out by the direct injection 
of blood containing schixonts or b> the injection of sporozoites from 
mosquitoes or by the bites of infected mosquitoes — many factors regarding 
the virulence or number of the parasites inoculated the species and 
conditions of infectivity of the mosquitoes the temperature at which 
they have been kept and other factors must be taken into consideration 
in drawing conclusions in regard to the susceptibility of individuals to 
infection Much of the work is still in the experimental stage though 
some definite progress has recently been made 

Immediately after the onset of malaria! symptoms a considerable 
destruction of the parasite occurs Knowles estimated that a single 
parasite which might produce to merozoites at each successive multiplica 
tion if unchecked would have increased in 20 days to a point where there 
would be about 4 parasites to every blood corpuscle and the patient 
would have certainly succumbed from such an infection 

In birds t^^ 0 thirds of the parasites produced are destroy ed during the 
stage of development of the disease 

In the experimental studies of birds and monkey s it has been shown 
that after a varying period of active infection during which parasites are 
numerous in the blood resistance often develops symptoms subside and 
parasites can no longer be found m blood films However it can be 
shown that m many instances parasites persist in the blood m small 
numbers (latent malaria) because inoculation of such blood into normal 
animals produces the disease As soon as complete cure is eSected (after 
from several months to a year or two) and the blood is no longer infectious 
the immunity may disappear and the animal can then be reinfected 
The immunity which depends upon a persistent latent infection has been 
termed premunthon 

The term premunition was introduced by Sergent Parrot and Donatin 
in 1925 in a study of rickettsial mfections The term is useful with 
reference to malarial disease especially if it is reserved to imply a stage 
of acquired immunity in which parasites are scarcely or not at all found 
on microscopic examination and contrasted with the word tolerance — 
restricted more to the state where the healthy subject is harboring larger 
numbers of parasites without symptoms of disease 

In man there is considerable evidence to show that acquired immu 
nity may result from repeated infections and that the natives of malarial 
districts acquire more or less immanity from repealed and persistent 
infection in childhood In bcavily endemic districts many different 
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diphtheritic into'^ication In a few instances there have been reports of 
blocking of the capiUanes with parasiUxed cells GaskcU has reported the 
presence of the subtertian parasite among or within the cardiac cells 
A few authors have reported degenerative changes in the suprarenaU 
In a few instances arterial thrombosis, haemorrhages and necrotic areas 
have been observed Dudgeon and Clark found the most constant lesion 
m 30 or 35 acute cases to be the reduction of the fatt j hpoids of the cortical 
layers It has been suggested that these changes mav explain a svndrome 
occasional!) met with in malignant tertian fever characterired bj great 
muscular v. eakness and Ion blood pressure 

Stomach and /mestitiM — In the great maionty of ca-e* the mucosa shows htt!e 
pathological change Ilouever u cases in which gastro mtestinal svmptoms have 
been prominent dunng life Inionsin the mucosa are commoD Bignanu has described 
punctate haemonhages in the rnucosa ot the stomach and large and small intestines 
The vessels of the mucosa are sometimes found to be packed with the spore laden 
parasites and there is sometimes wide spread necrosis of the mucosa Such lesions 
have been particularly recorded by Darnels Koss Seyfatih Job Ifitimann Craig 
Manson Bahr and the editor Manson Bahr (ipjttl has emphasized the following 
changes (0) vntea e infection of the mucosal ves els with parasitized cells (6) necrosis 
of the epithelium (e) mucositic infdtnlion ot the tissues subjacent to the necrotic 
zones (d) invasion ot the necrosed tissues with bactena Haemorrhage in th bowehs 
also sometime encountered la some tas aares cases of mala la are complicated by 
lermiaeliefectioes with either baciharyor amoebic dysentery la other instaaces the 
organisms producing these forms of dysentery have not been detected In some chroai 
fatal cases of malaria the peritoneum 11 slate colored and the intestinal mucosa may 
have a similar appearance The pigment may be especially confined to the areas of 
Teyer s patches giving a shaven ^atd appearance Meteney (1941) in an important 
article has discussed the Physiological Pathology of Malaria 

Pathological Diagnosis —The finding of pigmented mononuclears or 
pigmented parasites in a cross section of a blood vessel ts diagnostic of a 
malaiidl infection 

How ev er, some malarial manifestations are not uncommon m autopsies 
in many parts of the tropics and one must fee vetv careful about reporting 
malaria as the real rather than contributing cause of death 

There is usually a marked increase m the large mononuclear cells m 
malaria and if this is noted together with a leukopenia it is very suggestive 
Mrianifeious leucocytes occur in malana only Their presence is there 
fore diagnostic but usually the parasites are more abundant than pig 
menled leucocytes and the diagnosis is usually more evident through the 
detection of the parasites than through the finding of pigmented leucocytes 
Immunity — ^The question oi jimnunily in malaria 15 a difficult one to 
understand In protozoal infections there is little deSnite evidence of 
the production of an active immunity which corresponds to that which 
occurs in manv bacterid infections Another point of distinction is that 
certain protozoal diseases are markedly influenced by dru^ as malaria 
by quinine yaws and syphilis by salvatsan and leishmaniasis by organic 
antimony compounds This obviously is quite in contrast to the con 
ditions in the treatment of many bactenal infections which are influenced 
snecifically genenllj very shgbtJy by drugs and there are practically no 
s^ific drugs for bactenal diseases although the action of some of the 
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01 72 negroes became infected after pnuiary mosquito or subsequent remocu 
Utjon (with P falctparum) Houever among 60 patients (8 white) successfully 
inoculated n this manner there were only 46 m whom inoculation tooV on the first 
application of the mosquito James also has reported the case of a West Indian negro 
who bad passed most of his life in Europe and so far as could be ascertained never 
had been infected with malana Many unsuccessful attempts were made to moculale 
him with miUni He showed a complete absence of any detectable infection after 
inoculation with 2 strains of P fa} tparum and one of P inouiest both from infected 
monkeys and infected men Heavy doses of quartan blood produced only a mild and 
transient infection with P fiiaforiae However a mild infection was said to be pro 
duced by 2 injections of blood containing J* etale 

Milam and Kusch (1938) have also demonstrated the fact that negroes are less 

susceptible to P than whites Susceptibility of whites to this parasite seemed 

to be universal from inoculations made into 19 white persons but m 6 negroes there 
was almost no response Blood specimens from 4 of the negroes showed parasites in 
the thick film only and the remaining 2 were negative throughout The 2 negative 
cases however were noted to have etpeiitnctd subclimcal attacks suite inoculation 
of their blood into normal monkeys revealed the presence of parasites for as long as 
3 weeks following their inoculation 

Wilson (1939) has drawn attention to the apparent controlling 
effect upon malarial infection during the breast feeding period Schwetz 
(1933) 'f' Congo Clark (193?) m America and Barber {1937) >n 
Macedonia have all remarked on this phenomena As jet however 
there is no definite evidence of any immunity or tolerance to malana m 
newly born infants dependent upon a specific antibody absorbed during 
lactation It seems more probable that a passive transmission of imfflu 
mty through the placenta might occur Smton (1939) suggests that 
immunitj might perhaps be acquired in ulero by the child as the result 
of the stimulation of torins absorbed from the maternal circulation and 
that an} such specific immunity is probably diaplacental and not colostral 

Dimomiration of Aniiboditi tn — Attempts have also been 

made to demonstrate the presence of specific antibodies \n the host during 
a course of an infection due to malanal parasites In avian malaria for 
example the recover) from an initial attack sometimes occurs with 
such rapidity that it has been referred to as a crisis However in the 
literature one finds conflicting reports concerning the protective power of 
serum taken from man or other aiumals suSenng from chronic malaria 

CoggesbiU sod Kumm (1937) point out that since it is known that from the onset 
of the infection macrophages of the infected blood ate constantly pbagocytmng para 
sites the marked decrease in their numbers at the time of recovery could probably best 
be erplamed on the basis of the presence of opsonizing or humoral immune substances 
Furthermore the fact that an animal after recovering from a malarial infection is 
usually immune to reinfection with the homologous parasite would tend to suggest 
that there are specific protective substances present ui the serum of such an animat 
Heoce a number of observers base inferred that specific humoral immune substances to 
malari 1 parasites are present in the serum of the host during chron c infecuon but 
It has been supposed that these anlibod ea were present in th 1 rum in such low eon 
centration that their presence coukt not be decnou (rated by ord n ry protect! e test 
methods CoggeshallaodFutam however ha eshownthatmtectionintbesusmonkevs 
with F tvenfei) which (if untreated) is almost invariably fatal in these animals can 
be made chronic by the early idnunistration f ant malanal drugs The animals will 
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surveys have shown thal over 90 per cent of the young children have 
malarial parasites m their blood, while among the adults of such districts 
the rate of infection is usually much tower In such regions one finds 
many young children playing about apparently veil who nevertheless 
ha\e parasites in their blood Many of these children have evidently 
acquired a resistance, or tolerance, against the infection, since the malarial 
parasite no longer gi\es rise m them to acute symptoms of disease This 
resistance or tolerance is often marked in adults in such infected dis 
tricts and omelimcs only m certain instances is a latent infection revealed 
as when the indiv idual is so exposed to great fatigue or hardship or cold, 
that a malarial paroxysm is precipitated with the resistance being at 
least temporarily lost It has also been repeatedly shown m the treat 
ment of general paralysis by induced malaria that a patient frequently 
becomes immune to the strain of plasmodium employed though he can 
sometimes be reinfected with another strain of the same species 

Boyd and Mathews {1939) have shown that homologous immunity to 
a strain of P max may prevent a cUmcat attack for as long as 6 years 
though after 3 years the patient nas given a heavy reinocufation with 
the same strain he first received Boyd Thomas and Kitchen have also 
found that reinoculation of a patient who had recovered from a P fokt 
pmm infection did not result m a second clinical attack although plas 
modia could be found m the peripheral blood during this latent stage 
for as long as a months On the other hand they found that in a 
patient who had rece%ered from a P /aI«^>orMin infection reinoculalion 
with a different strain of the same species resulted in a clinical attack of 
malaria They point out thal the immunity produced by infection with 
the plasmodia is largely homologous and that the presence or absence of a 
latent infection appears to exert little if any influence on the heterologous 
inoculation In other experiments they showed that recent recovery 
from either a vjvat or /afc»por«m infection is no obstacle to successful 
rcinoculatioti with the other species of parasite hence there is absence of 
cross immunity between max and faletparum infections 

ilanal Immwmty — There w relatively little evidence of natural 
immunity to malaria in the while race although occasional individuals 
appear to be much less liable to contract the disease than others How 
ever Van Loon and Kudincr (1914) have shown that a high degree of 
tolerance, if not actual immurutv exists with certain of the natives of the 
Dutch hast Indies Properly controlled inoculations were negative with 
them It also seems evident that negroes are frequently less susceptible to 
experimental infection with malana than whites and that there is appat 
ently a natural or racial insusceptibditv m them There is much evidence 
to show that this is not an acquired immunity but a racial factor 

Thus several investigators have demonstrated the special resistance 
of negroeswithielerencetolhcinoculationof/’ vivax Boyrd and Kitchen 
/j.^-)}jave however shown that some negroes exhibit less resistance to 
infection with P /aJci^aruMthantbeydotoP vm* inoculation 
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immunity have also pointed out that the leticulo-endothehal sjstem 
through phagocytosis ismteDsivelyactivemomcomingmalanalinfection 

The sensiluation of the phagocjies which has been regarded especially 
as the basis for acquired immumt) to malana is apparentlj a delicate 
mechanism easily upset as is suggested by the frequency of relapses in 
tnalatia when the susceptibilitj oftheindividualtomfecUonisheighteaed 
by shock ethaustion change of climate or alcoholic excess Obsiously 
the immuoiij or resistance cannot be exp’aiocd entirelj bj phagocjtic 
activity and the process is apparently associated with the production of 
antibodies ard protective substances 

Chandler (1940) believes that the persistence of ti ox and tttciartae 
infection in thebody over a period of s< veral years and often characteriaed 
by relapses leads to a higher ultimate degree of immunity in these than 
results mfalciparxm infection 

Boyd »nd RiUhen (1943) havetoundvh i from an attack ol V » a* tnal tia 

itsults lu a very pouni immumiy to the bom logous strain Early revnocutat ons 
nere sometines foUovved by the return I subrl nical para iteinia Eater mocuU 
Iwna may twi be toUow ed by any parasium a when the p tienl may be considered as 
hypenramvne 

Wassettoaxm and Kahn Reactoons —The occurrence of the Wasser 
mana and Kahn reactions with the Wood of mahnal ca es is i f some 
interest in the discussion of immunity in malaria flowever it should be 
eraphasiaed that the occurrence of the Wassermann reaction la syphilis 
should not be regarded as an index of immunity Although in earlier 
Years It was thought that this reaction as applied to syphilis was a true 
antigen antibody reaction now it is recognized that the body in fl syphilitic 
serum which reacts w ith the antigen i» not amboceptor but a hpoidophilic 
substance which has the property of linking coropUment to the lipoidal 
antigen It has long been known that the Waxsermann and Kahn 
reactions occur in nunv cases of malaria where syphilis (and yaws) are 
excluded Nevertheless manv contradictory opimonsbav e been expressed 
with reference to the occurrence in malaria of non specific positive reac 
tions with both the complement fixation (W assexmannl and the i recipita 
tion or docculalion test (Kahn) for syphilis 

la the bniCed Scales loltnet (1919) «bo bss bern an ntbu last rebsrdisg the 
specificity oS these i actions st led that in his cxpenence matona and many other 
mfections had no infiuence f r ic oa the Wasvcrtnaan leactioo although the serums 
(n acute fehiil diseases might become somenbat more arncorcplesieatary than urual 
Latet he report d negative reactions m non syphihUc psti nti « itb tertian and aesUvo 
aatumaal malar a and stated that it was bis canfirilted tel e( that the setums of non 
syphd t c malaria patients d d not siel 1 fatsclv posiu e react on mlh ) is sew method 
even wb n the hlwd was dta’so just bef re or after a patotysta of chills and fever 
Itowever Cumming and his associate id the United Slates Tubhc Health Service later 
earned on an eitensive study of the alue of the «ro-diigno$t t tests for syphilis 
''pecin-eos of seniais frotn non yphhtic petsons lut with malina or other dseases 
were distributed to a ni mber of serologi is who performed Was ermann or I abn tests 
Kolmef s laboratory reported positive Wasaecmanii react ins for i j 4 per cent 0! the 
spicim ns obtained from pat enis wjlh joaluia In the four laboratories in which 
tbe^ complement fitauon tests vvere done ih percentage of pos tive results for the 
Bilana pst enls ranged from S 4 Co ao 6 Also tiaien (1938) obtained positive results 
in 8 per cem of the tests on s6fi patienU with malatia ptesumably non-syphihtic 
He noted » hig^e, propo^ion of po^veieactioM among females Taussig and Orgel 
(iiyil employed the Kahn test ua ualam lonmiarued the aon-speafic results 
t number of observers os vatying (tom 49 to So per cent WTifle Kurih 
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then harbor a chronic infection for so indefinite j>enod The serum taken from such 
moakeys mth chronic infection and injected intn monkeys suflenng from an acute 
atUck IS found to have a definite depressing effect on the course of the erpertmentaf 
disease In some instances death sias prevented and an acute infection changed into 
the chronic form They conclude that protecuve antibodies are produced in the senim 
of monkeys during erperimenUl malana mfectron faoneser the nature and mode of 
action of these protective substances and those m chronic aalanal infections is at 
present not knon n 

Eaton (J93S) has reported a specific agghitinatioo of P knouUst detectable both 
by macroscopic and by microsci^c methods Agglutinins for P imulest were found 
to appear m the sera of monkejrs between 15 and as days after the onset of the infection 

and becameprogressiveiystrongerasIbemabnahafectiongraduaUysubsided AggJu 

timns persisted in the sera 0/ cbmnically infected animals for a year or longer The 
sera of animals which had been repeatedly supennfected agglutinated the parasites at 
dilutions as high as t to loos 

Sera from BormaJmoDlieys from smiikeys acutely lU and from jnoDkeysdironicaUy 
infected with a different species of malarial parasite P rnut did not agglutinate P 
tnoixUsi Immune serum agglutinates mature intracellular or ettra cellular parasites 
but does not agglutinate unparasitued cells or cells containing immature parasites 
^^I(h reference to this specific sgglutipation of P ilnmlen by immune senim it is 
suggested that a specific sensitiaatioa of the parasites may occur to nro and that this 
resden them more susceptible to phagocytosis by mactopbages of the spleen and by 
other phagocytic cells The appearance of agglutinins tn the sera of monkeys after 
tba recovery from the acute phase of the infection 1 itb P inenUft also suggests that 
the relative immunity of these animats is associated with the presence of seosituing 
antibodies m the blood stream 

Cotnplemeat Sration is reported bj Talon and Coggeshal! (1930) in human malaria 
with an antigen prepared from the raonkey parasite P knoultn The most sefisitive 
and specific malarial antigen was prepared from dned parasiliaed red cells of monkeys 
dying with the infection the cells ^mg eetracted with saline after freeaiog and thawing 
This P iHojlM antigen is reported to give strong coapleineQUry firatioa with malarial 
sera from human beings infected with d* P umi ord> felaparum The titer 

of the complement fiaing antibodies reached a maeimun about one month after the 
begianuig of the acute uifectioa At thu time ali of the P knvutist sera tested were 
positive This complement fiaation reaction in malaria was group specific rather than 
species-specific *;era from patienci infected withi* rttaxorP /sfrtyorwM react in the 
same way with P knauitu antigen as the homologous sera In a subsequent article 
Eaton (1939) reports the presence of a soluble maUnal antigen which fixes complement 
present in the serum of monkeys infected with P knavlesi (See also Coggeshall 
Immunity w Malaru Mediant 3 j 87 ipsj ) 

Geiman in Simmons and Gentako e (ig-l*) discusses the value of the reaction in the 
diagnosis of human malaria and points out fhat the twt becomes positive approximately 
2 weeks after the initial paroxysm and persists for about J months after circulating 

parasitesdisappearfrora thcperipheralbfood Relapsescau e a risein titer indicating 

that circulating parasites are a source of antigen and thus aee necessary to maintain 
the tiler at a significant level 

Especially from experiments upon animals is there evidence that 
immunity or resistance m malaria develoi» particularly m connection 
with a proliferation and increased activity of the reticulo endothelial 
cells especially of the spleen and also of the liver and bone marrow which 
engulf and destroy the infected red cells as well as the free parasites 
This stimulation is possibly a manifestatton of a true hypersensitne 
reaction to the foreign protein of the parasite as it disappears when the 
parasites are completely eliminated Splenectomy greatlj increases the 
susceptibility of raonteys to malaria as does blockade of the reticulo 
endoOiehal system m birds Taliafeno (194X) atid others who have sug 
gested the presence of a cytolytic antibody as an important the 
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the temperature mates a cntwal fall lo normal or subnormal readings 
such fevers are frequently designated tnlermilleiit fnen These so 
called benign infections rarely exhibit pernicious manifestations They 
may however as with the more dangerous aeslivo autumnal parasite 
P jdexparum lead to the production of malarial cachexia m which the 
clinical manifestations are similar whether produced by a benign or 
malignant species 

(2) Those ui uhtek the succession of cold hoi and sicaling stages is 
lacfeinf There is not the frank wdl defined thill of the former group 
so that the term dumb chill is frequently applied W ith the possible 
exception of the first paroxysm the temperature tends to remain well 
above normal giving a continuous or remittent type of fever instead of 
the intermittent temperature curve of the benign infections The designa 
tnu remittent fe- er is often applied lo such fevers Clinically there may 
be a resemblance to typhoid fever In such malarial fevers small hair 
like ring parasites and crescentic sexual forms are usually found There 
ate many clinical designations for thus type of malarial fever of which 
the best recognized are malignant tertian subtertian aestivo autumnal 
and tropical It is pre eminently the malarial fever of the tropics and 
from Its appearance m temperate climates chiefly m the late summer and 
through the autumn months it received from the Italians the designation 
aestivo autumnal Such fevers were called suhintront by Totti 
because the succeeding paroxysm set m before the completion of the long 
continued preceding one The designation malignant lerhan is perhaps 
preferable as indicating the greater enousness of this type of malaria 
It is m infections with this species that the symptoms of blackwater fever 
may occur and in which malarial cachexia is encountered 

Incubation Period — The incubation period varies considerably as 
is evident from the many different reports m the literature The sus 
ceptibility of different hosts is probably of considerable influence in deter 
mining it From experimental inoculations James found that the mean 
period after mosquito bite was about 14 days but that when caused bv 
blood inoculation it was in the neighborhood of ii days 

'IiUm *nd CoggtshiU (193S) (onod thvt in blood inoculalions of white piUents 
wiihP tnoiilcii pans tes were soraetiiiKS seen in the blood smears as early as the third 
day In • series of 181 expenmental successful inoculations t> )th infected mosquitoes 
Boyd and Kitchen (1938-39) found withr maianincub tion period (as judged from 
the time of infection up to the time i arasites were demonstrated in the blood) which 
varied between 8 and 23 days It has been found that there iv sometimes a tendency 
to the incubation period to become sboiter esiecially in subteiUan malaria and for 
the attacks to be more severe when the number of bites is increased In a amall senes 
of eapenments petfortned withP / litpar 1 Boyd found the incub tionpenodwas as 
in the case of P ticax not V $ than 8 days In naturally acquired vnfect on with 
P PialoTio Boyd (1940) found the incubation period often exce^M 4 weeks Greig 
(1939) Uoobsenedana erageincnb tonp nodwrthP ma/j e of 14 days by direct 
inoculation of the bl 0 1 However latency is very characteristic of mal na and the 
ns»t cl clinical manifest lions withaH forms of infection may be postponed for several 
weeks or months Protracted latent peiwds of development have been occasionally 
reported by various obverv rs of to months or longer ' 
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m ruaCecula and \\ilson and Levin also repotted {alsely positive reactions from 
maUnai blood 

On the other hand Lloyd and Mitra (193a) and Needles Menk Greet and Hem 
mann in earher years believed that inalatu did not cause positive serological reactions 
with modern technique Saunders and Tomer (193$) also corclLded that malaria 
does not cause hxation o( complement %ilh the method they used but that U might 
raise a low titer reagin to the complement fixatioii threshold 

By far the most important contribution to the subject that has 
appeared m mote recent vcars is that of Kitchen (1939) and his associates 
in svhich systematic studies of the Wassermann and Kahn reactions were 
made before, during and after aj naturally uwiuced attacks of malaria in 
non syphilitic patients Positive reactions were obtained in every case in 
which malaria developed ilmically 

Two iDocuktion cases showed no positive results from the complement fitalion 
tests and two others showed no positive Kahn reactions There was evidence of 
malana provoking positive serologic reaction and a considerably increa ed cell count 
m the cerobro spinal fitiid Seventy two pec cent of the positive reactions made their 
first appearance during the third sod fourth weeks following inoculation However 
the J«t positive reactions were obwvcd both before and after the period of clmicsl 
activity in a few instances but ui 63 per cent of the attacks they occurred before the 
first two weeks of the lebnle period The positive reacuons etceeded 3 week in 
fiopercent of thecues and eitended beyond « weeks in 4S per cent Bunns this time 
yso positive and 3«7 negative erologic reactions were obtain d 

There was a tendency for ri ax infections to induce a greater proportion 
of positiie serologic results than feUtparum infections and the po vti\c 
reactions were higher among females with malaria than among males, 
and among persons up 1035 j ears of age than among those oxer that age 
The percentage of positne reactions was higher during the period from 
15 to at da>3 after the last previous paroxxsm There was no clinical 
ex idence of coincidental s>-phdts m any of the ca es Also the negative 
results obtained both prior and subsequent to the positive results demon 
strated the reactions were due to malarial infection and not m anj wav to 
syphilis 

The e results obviously emphasize again most conclusively the fact that the sero 
logical test for syphilis fNN assermaan reaction) is not a specific reaction and that the 
diagnosis of sypf ilw should not be made fiorn the serologic test alone Recent evpen 
ments m win h positive ttassermann or Kahn tests have been reported with other 
disea es also emphasize these facts 

IfaposifiveXtassermannresction or Kahn lest js regarded »s necessarily mdi alive 
of syphilitic infection grave mistakes will iindoubledly occur from tune to time and 
may wrongly influence the diagnosis and treatment ol maUna 

Among the tropical di eases in which thes* Teactions have been especially recorded 
positive besides maUna and yaws are leprosy trypanosomiasis and relapsing fever 
(as well as a number of febrile infectmtis in Mmpetaie cbmates) 

SVIII lOUATOI^V 

Cltnxcally me have i types of tnaJantd paroxysms (i) Those presenting 
a cold stage foltoued 6y a hoi stage vnth a ftrmtnai atceofrKg stage Such 
attacks are brought about bv the bemgn infections which include the 
benign tertian and the quartan Owmg to the fact that m such paroxysms 
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jaws give way to actual chdl with shaking body and chattering teeth 
face pinched and bluish and cutis ansenna 

The pulse is frequent small and of rather high tension there is 
increased frequency of urination and nausea and vomiting may be present 
Notwithstanding the fact that the rectal temperature is steadily risirg 
five or SIC degrees during this cold stage there is a desire on the part of 
the patient to cover himself with all the wraps obtainable The cold 
stage which usually lasts from so to 60 minutes is succeeded by the 
hot stage At first there is a feeling of slight relief from the misery of 
the chill but this is soon lost sight of in the increasing headache and feeling 
of intense heat The previously welcome blankets are cast aside The 
face now becomes flushed the eyes shining and the pulse more full 
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Epigastric discomfort nausea and vomiting are apt to become more 
prominent m this stage The patient often complains of a throbbing 
headache It is at this time that he mav become slightly delirious A 
sense of tension or even pain may be ecpencnced in the region of the 
spleen which organ will be found tender even if not already palpable 
Herpes about the nose and lips isalmost as common as in lobar pneumonia 
An attending bronchitis is not uncommon 

The fever remains high from lo^ to io6 F and continues so elevated 
for from r to 4 hours to be succeeded by the sweating stage In this 
the dry skin becomes moist and perspiration breaks out first on the fore 
head to be followed by a more or less marked profuse sweating of the 
entire body The pulse becomes slower the temperature falls rapidly 
and the patient falls asleep to awake slightly exhausted but feeling wteli 
This feeling of w ell being contmues during the fev er free dav w hich is 
often referred to by a patient as my ^oodday 
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Grtig (19393 in 144 cases otmalsnamdnced by direct iDCicu)aUDDt>J]j>iecif<Ji)^o.^a 
terlvanbJood found the incubatwn varied between i-24 dap The variation indicated 
diffeiences m susceptibility to infection Tie shortest incubation periods were m cases 
inoculated intravenously 

In additMs to the different suscepttbihty of individuals the number and condition 
of the sporowites have been oh ervtd to play a role in determining the duration of the 
incubation period Barber (1936) found that m Mac donu A iyiptrpicXtn was reJa 
lively a poor vector of malaria as compared uitbd e/ulut which he thought n asm part 
erplained by the fact that the sporozoites of infected saptrpuiut dissected during the 
summer months frequentlv showed evidence of d generalon which wss not true in 
A tlulus 

Prodtomata — Thert maj be prodromata of the nature of malaise 
vague muscular patns headache and anorexia possibly showing a perio 
dicitj tti their appearance or intensity It « only when a sufficient 
number of parasites spotulaie simuUaneoiisl> and pour out into the 
circulation sufficient toxic material to cuuse a well marked paroxysm that 
such occurs — with less poison we may only have vague suggestions of an 
attack of ague In a large proportion of cases there are no prodroroata 
they begin with a sudden onset Malarial paroxysms show a preference 
for the forenoon oratanvtatetendtooccurmtheeariyaftcrnoon rather 
than in the cvetiiag Fairley and Muhlens have noted that m infections 
with P 0 alt the fever comes on rather in the et enng or at night 

Multiple lafccbeas— Quctidisn psroxytms may p rbapi be produced at times 
by infected raivimtoea biting on successive eights $0 that one ciop will mature and 
sporulate twenty four hours before the second ifowever in the t>rsl attack of (tertian) 
maUru whether spontaneously acquired or exp*tinientaUy produced bv one bite of a 
UDgle infected mosquito the temperature during the hrst few days of fever u con 
tuiued or irregularly tcmituni Tlsen as the parasites become assembled into groups 
quotidian paroxysms of intermitteot lever occur double terlisn infection tattt 
one group of parasites often dies out and the fever becomes sm^le tertian Is 
relapses the fever is lotermittent and tertian from the onset In quartan matana the 
infection IS usually Single but doable and triple infections may occur Inaesiivo 
autumnal infection the parosysms if present may be quotidian or tertian but there 
may be a continued or remittent fever Anticipatioa and rrtardation in the spotulation 
may cause a very protracted paroxysm lasting 18 to 36 hours this tends to give a 
continued or lemitient fever instead of the cl aractenstie intermittent ivps 

Mixed iofectiosi u a term applied to the simultaneous presence of two or more 
species of parasites in the same individaat Mixed infections with malignant tertian 
and benign tertian ate the mo t common next mahgnani tertian and quarlao while 
cases with bemgn tertian and quartan are even eater '1U3 species have been reported 
to the same individual In double infections of malignant tertian with one of the other 
speaea the former para ites are often absent or undetecled in ordinarj blood flma and 
yet may be transmitted by inocnlatHMJ This is rd great pratliral importance in 
therapeutic inoculations with maUna sine* such double infections have a grave prog 
oosis (a mortality of 50 per cent and higher has been reported) 

Cbmcal Types A Typical Btmpi Ttrtian or Quartan ParoxMm — 
(Other than for the diSetence m pwiodiatv the paroxjsros of these 3 
malarial infections are a^ike ) 

The ague attack generally commences with malaise and slight head 
ache frequently accompanied by yawning and stretching Chilly 
sensations radiating from the spmal column to the extremities and the 
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jaws give way to actual chill with shaking body and chattering teeth 
face pinched and bluish and cutis ansenna 

The pulse is frequent small and of rather high tension there is 
increased frequenc> of urination and nausea and vomiting may be present 
Notwithstanding the fact that the rectal temperature is steadily risirg 
fi\ e or SIT degrees during this cold stage there is a desire on the part of 
the patient to cover himself with all the wraps obtainable The cold 
stage which usually lasts from 20 to 60 minutes is succeeded by the 
hot stage M first there is a feeling of sUght relief from the itiis.et> of 
the chill but this is soon lost sight of in the increasing headache and feehng 
of intense heat The previously welcome blankets are cast aside The 
face now becomes flushed the ejes shining and the pulse more full 
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Epigastric discomfort nausea and vomiting are apt to become more 
prominent m this stage The patient often complains of a throbbing 
headache It is at this time that he may become slightly delirious A 
sense of tension or even pam may be experienced in the region of the 
spleen which organ will be found tender even if not already palpable 
Herpes about the nose and lips is almost as common as in lobar pneumonia 
An attending bronchitis is not uncommon 

Thefever remains high from 105 to 106 F and continues so elevated 
for from i to 4 hours to be succeeded bj the sweating stage In this 
the dry skin becomes moist and perspiration breaks out first on the fore 
head to be followed b> a more or less marked profuse sweating of the 
entire body The pulse becomes slower the temperature falls raptdlj 
and the patient falls asleep to awake slightly exhausted but feeling well 
This feeling of w ell being contmnes dunng the fev er free da> which is 
often referred to b> a patient as my good day 
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The sweating stage lasts usuall) about 2 or 3 hours so that the entire 
paro\jsm of cold hot and sweating stages occupies approximate!) 8 to 
IS hours While most cases ot the benign infections show the typical 
stages )et we meet cases where the Cold and sweating ones are absent or 
but slightly marked Blood examination will show the parasites of the 
benign infections to be in the pcnphenil circulation during the entire 
apyrexial period During the paroxysm we ha\e a moderate leucocjtosis 
and during the afebrile period a leukopenia with an increased percentage of 



large mononuclears Billet found that quartan paroxysms may differ 
from benign tcrtnn ones by their showing a less abrupt lexer rise and a 
more rapid fall of temperature with a shorter duration of the paroxysm 
4 0t 5 hours as against 8 to 12 hours for benign tertian DeLangenbeheyes 
the quartan species more benign than rirat Howeyet this is not iny an 
able Different results may be obtained for example with quartan 
strains of different virulence or according to the number and condition 
of sporozoites inoculated Boyd found m therapeutical inoculations that 
the quartan paroxysm required more time than the tertian He also 
found that the disease produced bv the quartan parasite was more severe 
than with the tertian despite the slower evolution of the quartan It is 
commonly reported that the quartan infection is tlie most resistant and 
persistent infection 

4 Malignmit Ttrhan i’drotysm — The characteristic features of the 
paroxy’sm ate slight chilliness instead of a frank chill, prolonged and 
intensified hot stage lack of marked terminal sweatmg and a tendency 
to exhibit a continuous or at least remittent fexer curxe instead of the dis 
tmet intermittencc with an apyiexial period of the benign infections 
During the period of the reroittence the patient fails to experience a 
sense of well being He is sick and does not haxe a well day The 
temperature of a malignant tertian paroxysm may fall to normal during 
the first attack but succeeding attacks onlv show the tertian periodicity 
by an exacerbation of the more or less continuous fever In these cases 
the temperature rise is gradual rather than abrupt and the fall rather by 
lysis than crisis The paroxysm often lasts from so to 36 hours instead 
of 10 hours 
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To explain the continuous type of fever it is often stated that anticipa 
tion and retardation are characteristic of malignant tertian infections 
This simply means that the new parovysm tends to come on before the 
period of 48 hours has expired and having appeared tends to delay its 
termination At any rate there is an extreme irregularity in the course 
of the paroxysm These attacks are often termed dumb chills and 
are greatly dreaded hy the patient The onset is insidious occurring as a 
rule in the forenoon or early afternoon with rarely a chill but only chilly 
sensations The headache and backache are severe the face is flushed 
the pulse quickened and the thirst urgent Not infrequently we find an 
initial bronchitis The patient feels more prostrated and ill than does one 
m a benign paroxysm and there is a distinct tendency to mental confusion 
or delirium Nausea and vomiting may be prominent features of an 
attack At times an apathetic state may suggest typhoid fever and in 
earlier years was often confused with it In these malignant malarial 
attacks the spleen generally is palpable and very tender There also 
may be a sensation of weight in the region of the liver 

In s. blosd eMininstion one may li <1 only the young mg formi which begin to 
appear a few hours after the onset of the paroxysm The rings may be observed to 
broaden but prior to that development >n nhicb pigment would appear m the nng 
the parasite<ontaining red cell 1 generally arrested in the capillaries of the spleen or 
ther organs The finding of young nng f rms while fever continues is suggestive of 
an early malignant (eitian infection In (he absence of quin ne admimstratioa the 
finding of parasites s to be eipected in benign 1 rtianandqu rtan infections but ith 
the trop cal parasite a smear may fail to show any organisms wheie a fe\ h urs pie 
viously a blood ex m nation might have sh n a Urge percentage of infectef red cells 
in many t elds of ihe microscope 

Subtertian malani may assume different elinical types of d sease 

In the formt the parasites ate found ib enormous Dumben in the brain 

capillaries Clinically the predominant features may be hyperpyrexia delirium 
coma psychoses of various types which may simulate acute alcoholism convulsions 
( n children) signs of meningeal irntal on amblyopia or apoplectic phenomena (hemi 
plegia aphasia etc) In the o(g<f/orms the parasites tend to accumulate in the capil 
bnes of the gastnunlestinal tract and aMomiaal organs There is usually profound 
prostiatioD wilh a tendency to fatal syncope and c treme coldness of the skin with a 
high internal temperature Several clinical types may be distinguished gastric with 
incessant vomiting choleraic dysenteric with blood id the watery stools haemorrhagic 
or purpuric A grave haemolytic anaemia may develop with great rapidity The 
majority of cases of m 1 gnant tertian malaria justly termed pernicious are cerebral or 
alg d forms The pernicious manifest tions have bMn expla ned by (i) the very large 
number of red cells infected and destroyed by tbe malarial parasites (a) the throwing 
off at the lime of sporulation of tbe mrrocyte of a hige amount of toxic mateii 1 owing 
to the presence of such a large number of d ntegrating merocytes and (3) the plugging 
of the capillaries of important internal organs by adult parasites This may anse as 
the result of (a) the spgruUt g parasites arting as emboh being too brge to pass the 
lumen of the capillary (6) from degeneialivc changes or distension by red cells and 
pigment of the endothelial cells lining Ihe capUates or (<) as the result of an ovoid 
shape on the part of the mal gnonl Ifrlun pa orife there is an inability to pass through 
eap llaries wh cb the flattened ben gn parasites can do by infold g (Bass) or (if) result 
mg from the tendency of mabgnaol tertian parasites to agglutinate in tbe capiUanei 
and tissues 

Knis ly et al (1Q41) and Lack (104a) ha c studied by means of quartz rod trans 
lUumi ation the Llood ev els of monkeys infected with T h <r (ei In tbe inlra 
va cubr aeglut nati n of pvra itized red cell m malaria a laser of fibnn or similar 
sub tance s deposited on the cells causing them to slmk I gether but n 1 1 the end 
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Helpern (1934) and Most (1940) have found cerebral involvement 
particularly common m drug addicts who became infected by direct 
inoculation of infected blood Such cases often result fatally 

Algid Mam/eslatiom of Ptsmaous llalana — Severe diarrhoea unac 
companied by fever and often ending fatally which m its intensity and 
rapid course resembles true cholera has long been recognized as an algid 
form of perniaous malaria 


The choleraic symptoms may develop uiuccompxnied by ngor or any of the more 
familur frigns of sub acute malaru or they may follow an acute attack In such 
cases there is often a small thread like pul e and a cold clsmiDy skia The respiration 
IS often slow and ahallo v and the voice weak As m cholera the dehydration const 
quest upon the excessive diarrhoea may lead to cramps pinched features and fi&gen 
suppression of unne and collapse Cases of th» nature have been especially reported 
IS India Mansoa Bahr(iQ^) has also called attention Co their occurrence in Palestine 
and Salonica during the \torld War several of which were fatal lie emphasiees the 
necessity of tecogunng the gastro mtestinal symptoms as indicative of the severe 
subtertiaa maUru infection nhicb may eventually end in coma or death 

It has been customary to classify these cases with vomiting diarrhoea painful 
cramps of the legs and scanty ot suppressed unne as choleraic m type However other 
cases of algid malaria may show blo^ or mucus in the stools and have marked abdominal 
pain and these have been termed dysmtrnc Some resembling tnott the dysenteric 
type at times sitow only a diarthocw and at other times the presence of blood The 
dysenteric type is more common The question may arise as to whether the symptoms 
are due to the tecnidesence of a pre wusly evistiss dysentery of other than malanal 
origui or to the development of such a form of d>sentery through the lowered resLtaace 
of the patient from the malanal infection 

It sceiDS clear that malara may light up a. bacillary infection or that this disease 
may light up a latent malaria Biggam however has found m drug addicts where 
infection resulted from direct inoculation of malarial blood that the symptoms might 
be of Che dysenteric type 

ifilaritil DyseaUry — In fatal cases of malatu with cl>’sentenc symptoms the 
intestines at autopsy may be congested and dark red in color or have a mottled appear 
attce as in catarrhal dysentery while the contents may be blood stained and conlam 
mucus Noebt and Mayer empbasue that 10 such forms of malanal infectioa sot only 
sanguinoua mucus discharges may occur but also rotestuial haemorrhage The malanal 
parasites and pigment together with swollen eodolhebal cells may form veritable 
thrombi and occlude the vessels in the mtcstioal mucosa The epithelial cells subse 
quently become necrotic ^\bether this form of dysentery © >es its origin to maUasl 
intoxication in especially suKeptibIc individuals ts not clear The disturbed circulation 
in the capiUanes due to the presence of the parasites also predisposes to secondary 
infection and both bacilbry and amoebic dysentery have been found w autopsy in cases 
of severe malanal infection Such cases were seen during the Crest \\ ar in Salomes 
and Palestine In other instances of malarial dysentery neither Siufamitba ktslol-jU<a 
nor SoctUm dystntuiae were fovind On * occasions with intestinal symptoms Man 
son Babi made the diagnosis of subtertan lafectioo by dtmonslraling the ring forms 
of the parasite in film pttpaiation» from the stool 

StoU in ha studies of malaria reported jalgid cases of dysenteric type butootone 
of choleraic AVhen epistaxis and baemorihagts from the intestines or stomach are 
marked ftatuies of an attack the cases have been termed haemorrhagic Ca ses have 
been reported where the excessive spoiulatron was apparently taking plate in the 
pancreas giving the symptomatology of acute haemorrhagic pancreatitis 


Bilious Remitlenl Fner—’Bh^ is the most common and the least 
dangerous of the petntetous manifftstalions but tends rapidly to produce 
malanal cachexia Slight jaundice and bilious vomilmg nuy appear 
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m the course of an ordinary malignant tertian paroxysm and only severe 
types with fatal tendency should be classed as pernicious It sets 
in with marked nausea followed by vomiting and bile rich stools Jaun 
dice shows Itself by the second day eariicr than m yellow fever but 
much later than the rapidly appearing jaundice of blackwater fever The 
urme often shows bile pigment and a yellow foam and bilirubin may be 
present in the blood Epigasinc distress and liver tenderness are marked 
features and there may even be gastric haemorrhage 

Ptteunuintc and Card ac Typet — Other recognized types are the so called pneu 
moDic type m nhich nith the symptoms o( a broncho pneumoau we find an element 
of periodicity and a response to quinine Again usually ta elevated regions dilatation 
of the right heart and death have been noted as occumng in cardiac types of pernicious 
malaria Another type is that in wbch (he sweating stage is excessive the so-called 
diaphoretic type These eases may result in collapse and such a termination may be 
syncopal in character 

Relapses — Relapses are characteristic features of malarial disease 
m which the clinical symptoms return and the parasites which may have 
been absent from the blood are found again sometimes m large numbers 

The term recrudescence is sometimes used for attaeVs occurring withm z months 
of the enguial infection and recurrences for attacks occurring after «n interval of 
7 or 8 months The Ute recurrences are a charaetenslie feature of benign tertian 
malaru but do not usually occur m mal gnant tertian Cemctocytn are much more 
numerous during a recurrence than in the primary attack (James igj6) Relapsetate 
highly characteristic of all types of malarial infection beine most m rked m quartan 
and least in malignant tertian 

Relapses may occur without ob lous cause but are apt to follow any cond tion which 
lowers the general res stance of the body Among these may be mentioned exposure 
to cold or wet to intense sun light eicessive fatigue alcoholic dietetic or venereal 
excesses an inlercurrent illness a senous acctdeot (fracture) a surgical operation 
and child birth Persons returning home from (he tropics often experience relapses as 
they approach the cooler climate of the temperate rone It has been weQ slated that 
the old resident of the tropics owes his condition of health rather to education than to 
accl matuatJOD—expenence has taught him discretioo 

It IS now belie d that relapses are due (o failure of tbe defensi e forces of the body 
to restrict (be multipUcation of tbe parasites to neglig ble proportions as they do during 
the latent stages of the infcctioQ (Ross Bignami) There is no proof of the existence of 
specul resistant asexual forms Sehaudinn s theory that female gimetocytes may 
undergo partbenogenetic mullipl catwn has been disproved completely Mtempts to 
transmit malaru by inoculation of blood containing only gametocytes have been uni 
formly unsuccessful 

Latent malaria is a term applied to persisting infections which give 
rise to no clinical symptoms and in which pirasites usually cannot be 
demonstrated except bj inocutalion of large amounts of blood into other 
individuals as in the treatment of paresis 

The persistence of a malarial infection m the absence of clinical and to a great 
extent of laboratory mamfestations is sometimes shown by th occurrence of relapses 
so that the section treating of mai n 1 relapses applies also to this p ragraph. In 
add tion to the factors influencing relapses already mentioned it should be noted there 
IS a particular tendency for a lal nttn^ natode elopactivity following surgical oper 
■tions and childbirth In untreated latent cases bealict, of surg cal operations may 
be delayed ’ 
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The importance of examining placental smears when obtamable for evidence of a 
latent malarial mfection has been noted Persons returning to a cool climate from the 
tropics who may not base shown ewdence of active malaria for months may come 
down jrith a paroxysm upon encountermg cool weather (refrigeration) Latency may 
be complete or there may be vague manifesUtionsof ill health such as anorexia mat ai s * 
irritability headaches anaemia and alimenUty tract disturbances or some form of 
neuralgia ^ot infrequently tropical residents without symptoms may show crescents 
m their blood and such cases are of prime imporUnce in connection with infection of 
mosquitoes To a certain extent they are typical earners and should be actively treated 
from a standpoint of malanal prophylaxis Provocative measures to induce a relapse 
with a reinvasion of the blood by the parasites is discussed on page 90 



FlO — T p eal malar at spteen m untr ated cfuldr n of the North Are ntine 

( ‘Vfter Muhlens ) 

Masked Malaria — Cases have been reported under the term of masked malaria 
in which the symptoms have been particularly neuralgic or gastro intestinal in charac 
ter or in which various skin eruptions appeared and which showed periodicity and 
responded to treatment with quinine A definite diagnosis of malaria should not of 
course be made in such cases unless malanal parasites can be demonstrated in the 
blood During the quiewent stages of malaria it is often exceedingly difficult to make 
a definite diagnosis of the actual existence of the mfection There may or may not 
be splenomegaly 

Malanal Cachena — As the result of repeated attacks of any type 
of malaria a condition of anaemia and physical and mental incapacity 
may be produced The skm may hate a dirty earthy hue particularly 
of the face, and the sderae may show a yellowish tinge The patient 
IS often sensitive to the slightest cold and may be tbc victim of mental 
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depression rviih deterioration of memo^ or at anv rate lack of concen 
tration Manson m earlier >caTS particularly emphasized this condi 
lion There ma> be long periods in which the temperature is normal or 
subnormal but slight febrile accessions may occur from time to time 
and at such times the blood may show 
parasites The spleen is usually cn 
larged as may also be the liver 
Twisting of the pedicle of the spleen 
or Its rupture from e^ en slight blows 
may necessitate surgical mterven 
lion There may be anorexia and 
alimentary tract disturbances A 
very important feature of malarial 
cachexia may he the occurrence of 
haemorrhages particularly serious 
being those from the retinal vessels 
It is probable that hookw orm infection 
has frequently been tonSused with 
the anaemi i of malarial cachexia as 
in both of these conditions we may 
have a well marked anaemia with 
swelling about the ankles palpitation 
of the heart and shortness of breath 
Some authorities have recently called 
attention to splenic enlargement lo 
hookworm disease but this is not 
generally found m uncomplicated 
cases There may be also ascites 
in chronic malaria and the syndrome 
of Banti s disease Urobilmuna mav 
be an important sign in malaria where other causes lor red cell 
destruction are excluded 

The Sequelae of Malaria — The anaemia and other manifestations of 
malarial cachexia have been described above It is emphasized that the 
enlarged pleen may be a source of danger from rupture and mav cause 
sensations of pain or tension Hospital attendants of native patients 
should especially be w arned of the danger of rupture of an enlarged spleen 
from sudden physical exertion or a blow upon the abdominal wall 

In chronic cases the spleen may come to weigh many pounds and 
occupy a large part of the abdomen Other factors besides the malarial 
parasite may influence the chbTgement Changes ui such spleens are 
more chronic The capsule often thickens sometimes revealing whitish 
fibrous patches Many of the spleen trabeculae may be greatly hyper 
trophied In sections the spleen i moderately firm and ma\ vary in 
color from reddish brown to dark brawn or bluish black Fairley (1940) 
has described a peculiar haemolytic hypochromic anaemia associated with 
post malarial splenomegaly of Banti s type 
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SYMPTOMS 


The skin of those with chronic malaria tends to ulcerate from slight 
wounds and phagedenic lesions may occur There may be various dis- 
orders of the nervous avstcm varjing from mental confusion or lack of 
mental concentration to melandiolia Neuritis and possibly peripheral 
neuritis mav hav e origin m repeated attacks of malignant tertian mabria 
However there is considerable difference of opinion among clinicians as 
to whether a peripheral ncuniis of malarial origin exists Well marked 
neuritis has been observed in cachectic malarial patients Nevertheless, 
such patients ate sometimes predisposed to various infections and dis- 
turbances and vitamin deficvencics must be considered in this connection 
DeLangen and I ichtenstein etnphasize the occurrence of neuritis in malaria 
and say that it maj begin during or shortiv following a febrile period 
and is usuallj accompanied by pains or paraestbesias in the corresponding 
part of the bod> Paresis may occur and mav even pass on to total 
paraljsis Atrophy of the muscles and degeneration reactions occur 
as m any other form of neuritis After reaching its height the neuritis 
16 said to lemain stationary for a time and then slowly pass off Thev 
found the nerves of the loner exlreroilies rnost often attacked In 
other eases, a neuritis of the ulnar nerve or of the brachial plexus might 
appear separateW Occasionally the facial nerve was involved ^ppar 
entlv these cases were observed m regions where ben ben was common 
Optic nerv e neuritis was observed m connection with malarial amblyopia 
Cases with paralvsis of the abducens nerve were aUo seen as well as of 
paresis of the vocal cords Thev point out that polyneuritis has been 
observed in the course of tnalana but that its etiology is doubtful as a 
latent henhen ro^y be aroused to activity by the attack of maUna 

Malarial amblyopia will be discussed under the special senses Ulcer 
ation of the cornea is the most frequent of the ouular sequelae although 
even this is rare It only occurs after many relapses It is painful 
heals dowly, and tends to recur with relapses Iritu may accompanv it 
Abortions ate frequent unless the malaria is adequately treated 

Syufious is Detail 

General Appearance — In the cold stage of the benign infections 
the face is pinched and blue to become decidedly flushed when the hot 
stage sets in In typical malarial cachexia there is an earthv color 
of the skin with the pigoientation motv. marked about the face and 
knuckles In the algid forms of pernicious malaria the skm is pale, cold 
and clammy in a measure sirowlalmg cholera Herpes labialis is very 
common in the benign infections but less so in the malignant tertian 
ones Jaundice « a feature of bilious remittent fever 

Tfie r«wip«rof'"’< —Even in the cold stage the temperature w steadily 
rising and may have reached log^F or higher by the time of onset of the 
hot stage It remains elevated during the 4 to 6 hours of the hot stage 
and then falls rapidly to normal dunng thesweatmg stage The paroxysm 
tends to occur usually in the forenoou or early afternoon In 793 typical 
paroxysms Stott found only 37 per cent to occur before noon Intermit 
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tent fever curves are characteristic of benign infections In malignant 
tertian a prolonged hot stage (15 to 36 hours) is a marked feature 
The onset also is more gradual and the fever tends onl> to remit 
or may remain continuous over several days but even with such a 
chart they are apt to be indications of slight rises every other day In 
the hyperpyrexia] form of cerebral pemiciousness the temperature 
may rise to ii2®f and the case resemble sunstroke In the algid forms 
the axillary and rectal temperatures are usually elevated 

The Ctrculalory System — ^The pulse is small rapid and of high tension 
in the cold stage to become fuUand bounding butrarelydicrotic mthehot 
stage A cardiac type of pemiciousness in which the right heart dilates 
has been referred to Dudgeon and Clark believe death from sudden 
cardiac failure ma> he due to toxic fatty degeneration of the mj ocardium 
The Ahtnenlary Tract — Nausea and vomiting are common manifesta 
tions of malarial paroxjsms and in bilious remittent fever the vomiting 
is an especially distressing feature So called cholenform and dysenteric 
manifestations of pemiciousness of the algid type are rather rarely 
observed Still more rare are cases with the clinical picture of acute 
haemorrhagic pancreatitis which have been reported as incident to exces 
sive spotulation of malarial parasites id the capillaries of the pancreas 
The Respiratc'y System — There may be a slight bronchitis m ordinary 
types of malarial fever In the cerebral types of pemiciousness the 
breathing may be markedly altered— even of Cheyne Stokes character 
A bronch^o pneumonia which shows a periodicity and responds to quinine 
has been described as a manifestation of pernicious malaria 

The Sk\n — Herpes labialis is a common manifestation of benign 
tertian and not farel> of malignant tertian infection Urticaria may also 
be noted The skin of malarial cachexia as noted is often earthy m hue 
One must always keep in mind the skin eruptions due to quinine adminis 
tered in treatment and of these urticaria is probably the most frequent 
The Nenous System — In both benign and malignant infections 
headache is a marked feature and is accentuated during the hot stage 
There may be a condition of mental confusion in the hot stage of benign 
tertian and quartan but in aestivo autumnal infections particularly there 
may be actual delirium Delirious and comatose states are prominent 
features of cerebral pernicious attacks At times there may be an 
apathetic condition suggesting typhoid fever Different types of disease 
of the central nervous system may be simulated as the result of focal 
sporulation so that we have aphasic epileptiform hemiplegic bulbar 
and other clinical types Some authors have recorded cases of simple 
and also multiple neuritis of malarial origin (See sequelae page 76 ) 
Catto examined the blood of a number of cases of multiple neuritis in 
Jamaica but obtained negative malarial findings m every case However 
neuralgic manifestations mav be a feature of the latent forms Some loss 
of memor> is not uncommon after severe malaria 

The Special Senses — Malarial ambljopia occurs as a somewhat rare 
complication and has been attributed probabl> to the action of the 
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malarial toxin upon the optic nerve and retina Loss of vision is usuall> 
only transient but there may be complete blindness lasting from several 
hours to some dajs or e\cn months In the latter case optic neuritis 
peripapillary oedema, blocking of the retinal and choroidal vessels b> 
parasites and leucocytes and multiple haemorrhages in the fundus are 
sometimes present In some of the cases the ophthalmoscopic findings 
have been reported as negative in others the disk was rosy or cherr> 
pink in color These fundus changes must be distinguished from and 
differ from those of quinine amblyopia or amaurosis While the latter 
usually follows the ingestion of a large quantity of quinine as little as 
12 grains (078 gm) may produce temporary ambljopia in susceptible 
individuals In quinine amblyopia tbe condition depends on the retinal 
anaemia from the toxic spasm of the arterioles Extreme palor of the 
optic disks a marked diminution of the retinal blood vessels in number 
and caliber and contraction of the field of vision have been reported 
The pupils are usually dilated The restoration of central \ ision which 
is the first to recover may be perfect or incomplete Occasionally blind 
ness has been permanent 

A form of dendritic keratJtis due to malar a has been described espe 
cially by Kipp and by Elliot It commences as a herpes of tbe cornea 
but without the appearance of definite vesicles Superficial ulceration 
follows Lateral offshoots develop and tbe affection may pass on to 
present the characters of a well marked dendritic ulceration It is 
usually associated with photophobia and lacnmation and sometimes is 
ushered in with severe supraorbital neuralgia Elliot reports that 
retinal haemorrhages are a comparatively frequent occurrence m malaria 
They are frequently overlooked when small as they are so far forward 
they are difficult to see with an ophthalmoscope and as they lie in the 
periphery of the retina positive symptoms are generally not present 
Also a routine examination of the penphety of the fundus is seldom made 
in malarial patients The haemorrhages are believ ed to be due to blocking 
of the capillary vessels by parasitic cells or to changes set up by the 
parasites in the lining cells Larger retinal haemorrhages in the macular 
area have been sometimes observed associated with cachexia of malignant 
malaria Elliot states that if the cases in which blindness is due to 
haemorrhages occurring in the central region of the eye are excluded it 
may he questioned whether malaria is ever responsible for blindness but 
it is quite certain that quinine often is 

Usually the effect of qumme upon the ear is manifested by deafness 
and tinnitus 

The Gemto urinary System — In the cold stage there is apt to be 
frequent urination with increased secretion Later on the urine may be 
scanty Albuminuria is rather common in aestivo autumnal attacks 
and true nephritis has been reported in about 2 per cent of cases in some 
series Smton and Lai found albuminuria in 14 per cent of 467 cases 
MacFie Lambers and Manson Babr (1940) lay stress on the reports of 
nephrosis as a complication or sequd of ni^ana and especially in quartan 
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mfeCtioM PJ^hn attackes Jrrcat jmportaDce to tJw tfJtaimnatioQ of tfie 
un»e lot utoWm as showing malanal isfecUott «htn parasvfts caimot be 
found Bile la the unne is an mpottant sign of bdious reroittent fever 
Orchitis has been reported as a asaianal complication 

TkcLi er and Sptitn — ^Tenderoess <a et the luet ani jaundice mw 
c«pem}iy w bdious remittent fever Under the influence of a succession 
of attach the hepatic conation may g;rad«ally result m a more or fcs» 
pennancnl etilaigwaent- The vplttn u the organ in nhich the uiftction 
particulail) centers and it5 tenderoess and cnlargenjent are of special 
diagnostic s'alue m cuUna 

Splenomegaly is tonsidtiwS on page Si Z\tn in comatose condi 
tions pressure on the spleen may hnng about indications of pain The 
liabSily to rupture of the fnable spleen of aesUso-autumnal infections 
has been considered and must tiot be di,iegaided and the patient ahnuld 
not expose himself to injurj 

Malanal CEndenuc) Index . — Various procedures have been emplo>ed 
to wlimate quaWitaUsely the ptetaknet of tnalana in a region us «h\tii 
It » eadeoui. The percentage of mo«ittitoe$ which ate infected may 
be determined by dissection aa examusatton being zoade of the stomach 
wafl 0? Suspected females for oBcysts ot sporc»c)*sis end of the uhvaty 
glands for sporotoites Hie salivary gland index (le sporosoite rate) 

11 considered the more vafuaWe since it indicates the compJete develop- 

ment of the pUsmodium <a the fliosi}uito in heasd> infected areas tbe 
Bpororoite rate of naturally infected bas been generally leoa 

than 5 per cent King found in the southern United States m 4 quad 
fifiwcttfafwf a nte of o toy to o gy Boyd \n Braed m A olhitarnt t 8 
Stephens and Christophers in India found ui^ ^d/K-f/ociesarateofa^to 
5 6 Paul KusseQ la (be Philippine Islands found m ■! minimus 03 
Is Kasc Macedonia where the racesof JlfocuU^ennis^merseue typwurand 
e'u'j}) occur together Barber and Rice who dis acted about 37 000 
speciineas in 3 years found tluius s tg per ceol infected and messece and 
lypuus oa^ On the other hand to \ata} Brazil Simtinou and Barber 
found m A gamitae a heavier sporozoite index {from a 7-10 per cent) 
where the rate oJ inicction m the popuhlion was high 

However as reganfs n&tuxa! infection of mabiKa in mosquitoes many 
factors which influence these results must be considered Por example 
the season of the year at wbicb the investigations were conducted whe^er 
malaria naj prevalent or scanty at the tune whether the insects were 
coDected la human habitations or in stables and sheds where domestic 
aiamab were present Thus Bentley 10 Bombay found that tS per cent 
ofd rtepAenn were infected in August but none m the dry season King 
found that while the general infection of i qyadrirMculalus during 

12 months was o 57 per cent » iht spftciroens taken m aegsu huts it 
ran as high as 4 9 per cent 

The paronlic inifrx (Ross) zs Jbe percentage of individuals nbo show 
parasites la the blood and obviously samttuses undetesticastes the 
mcidenceof infection mvarjTog degree Christophers Sintonand Wilson 
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malarial tOTin upon the optic nerve and retina Loss of vision is usual)> 
only transient but there may be complete blindness lasting from several 
hours to some dajs, or even months In the latter case optic neuritis 
peripapillary oedema blocking of the retinal and choroidal vessels by 
parasites and leucocytes and multiple haemorrhages m the fundus are 
sometimes present In some of the cases the ophthalmoscopic findings 
have been reported as negative in others the disk was rosy or cherrj 
pink in color These fundua changes must be distinguished from and 
differ from those of quinine ambl>opu or amaurosis While the latter 
usually follows the ingestion of a large quantity of quinine as little as 
13 grains (o 7S gm ) may produce temporary ambljopia in susceptible 
individuals In qumme ambl>opia the condition depends on the retinal 
anaemia from the toxic spasm of the arterioles Extreme palot of the 
optic disks a marked diminution of the retinal blood vessels in number 
and caliber and contraction of the field of vision have been reported 
The pupils are usuall> dilated The restoration of central v ision which 
IS the first to recover, raaj be perfect or incomplete Occasionally blind 
ness has been permanent 

A form of dendritic keratitis due to malar a has been described espe 
wall} by Kipp and by Elliot II commences as a herpes of the cornea 
but without the appearance of definite vesicles Superficial ulceration 
follows Lateral offshoots develop and the affection ma> pass on to 
present the characters of a well marked dendritic ulceration It w 
usually associated with photophobia and lacnmatjon and sometimes » 
usher^ m with severe supraorbital neuralgia Elliot reports that 
retinal haemorrhages are a comparatively frequent occurrence in malaria 
They are frequently overlooked when small as ihe> ate so far forward 
they are difficult to see with an ophthalmoscope and as they he in the 
periphery of the retina positive symptoms are generally not present 
Also a routine examination of the periphery' of the fundus is seldom made 
m malarial patients The haemorrhages are believ ed to be due to blocking 
of the capillary vessels by parasitic cells or to changes set up by the 
parasites in the lining cells Larger retinal haemorrhages m the macular 
area have been sometimes observed associated v\ ith cachexia of malignant 
malaria Elliot states that if the cases m which blindness is due to 
haemorrhages occurring in the central region of the eje are excluded it 
may be questioned whether malaria is ever responsible for blindness but 
it is quite certain that quinine often is 

Usually the effect of qumme upon the ear is manifested by deafness 
and tinnitus 

TAtf Gemto urinary Sjslem —In the cold stage there is apt to be 
frequent urination with increased secretion Later on the urine may be 
scanty Albuminuria is rather common m aestivo autumnal attacks 
and true nephritis has been reported m about 3 per cent of cases m some 
series Sinlon and Lai found albummuna in 14 per cent of 467 cases 
MacFie Lambers and Manson Bahr (1940) fay stress on the reports of 
nephrosis as a complication or sequel of malana and especially m quartan 
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infections Plehn attaches great importance to the examination of the 
urine for urobilin as shoeing malarial infection when parasites cannot be 
found Bile in the urine is an important sign of bilious remittent fever 
Orchitis has been reported as a malarial complication 

The Lmr and Spleen — ^Tenderness over the liver and jaundice occur 
especially in bilious remittent fever Under the influence of a succession 
of attacks the hepatic congestion may gradually result in a more or less 
permanent enlargement The spleen is the organ in which the infection 
particularly centers and its tenderness and enlargement are of special 
diagnostic value in malaria 

Splenomegaly is considered on page 82 Even in comatose condi 
tions pressure on the spleen may bring about mdications of pain The 
liability to rupture of the friable spleen of aestivo autumnal infections 
has been considered and must not be disregarded and the patient should 
not expose himself to injury 

Mdanal (Endemic) Index — Various procedures have been employed 
to estimate quantitatively the prevalence of malaria in a region in which 
It IS endemic The percentage of mosquitoes which are infected may 
be determined by dissection an examination being made of the stomach 
wall of suspected females for obeysts or sporocysts and of the sabvary 
glands for sporozoites The salivary gland index (1 e sporozoite rate) 
IS considered the more valuable since it indicates the complete develop 
ment of the plasmodium in the mosquito In heavily infected areas the 
sporozoite rate of naturally infected Anophelei has been generally less 
than 5 per cent King found in the southern United States in A quad 
rmacutatus a rate of « 107 to o 57 Boyd in Brazil in 1 albtlarsu a 8 
Stephens and Christophers m India found m /I ci<hct/dc»iarateof4 6to 
8 6 Paul Russell m the Philippine Islands found in A Hiinimui 03 
In East Macedonia where the races of ifacnf(/>enntr(meiiea< typicuszTid 
elulus) occur together Barber and Rice who dissected about 37 000 
specimens in 3 years found elulut i 29 per cent infected and messeae and 
lypicus 007 On the other hand in Natal Brazil Shannon and Barber 
found m A gambtae a heavier sporozoite index (from a 7-10 per cent) 
where the rate of infection m the population was high 

However as regards natural infection of malaria in mosquitoes many 
factors which influence these results must be considered For example 
the season of the year at which the mvcstigations were conducted whether 
malaria was prevalent or scanty at the time whether the insects were 
collected m human habitations or m stables and sheds where domestic 
animals were present Thus Bentley in Bombay found that 18 per cent 
of A Stephens w ere infected in August but none in the dry season King 
found that while the general infection of A quadrtmaculalus during 
12 months was 0 57 per cent in the speamens taken m negro huts it 
ran as high as 4 9 per cent 

The parasitic index (Ross) is the percentage of individuals who show 
parasites m the blood and obviously sometimes underestimates the 
incidence of infection in varying degree Christophers Sinton and Wilson 
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(1939) ha\e suggested counting the number of parasites m the Wood 
during a malarial survcj /or giving more accurate information of the 
susceptibility of a communiiy to maUna but this method may give very 
unreliable data since the number of parades m the peripheral circulalioii 
at certain times may be nif and not m accord with a severe infection of 
internal organs 

The sf^emc index is the percentage of individuals who show enlarge 
ment of the spleen by palpation while the endemte index includes all 
who show either parasites or splenomegaly The ease with which the 
splenic index can be determined m a population and over large areas 
m a very short space of time has made it a most valuable method of 
giving a rough estimate of the prevalence of malaria in the population 
of many countries as in the southern XJnited States In regions where 
other forms of splenomegaly do not occur m great proportion, it is par 
ticularly valuable Many distinguished malarial epidemiologists, such 
as Ross Darling, Christophers James Watson SchUfTner Swellengrebel 
Barber and Boyd are convinced of lU great value m estimating the amount 
of malana However Stephens and Christophers believ’e that it is a safe 
guide only tn children between the ages of r and 10 years So it is valu 
able to guard against the tendency to overestimate the value of the splenic 
index particularly in adults 

One difficulty with reference to the relationship of splenomegaly to 
uncomplicated malaria is the lack of an accurate method for determina 
tion of splenic volume m man Christophers and SchUCner have made 
espeeuxUy intensive studies 10 an etTort to find a means of expressing mare 
accurately the sue of the spleen However by all known methods it 
appears tiat it is difficult to detect changes of the spleen sue unless these 
are of considerable magnitude Missiroli has expressed the opinion 
that the spleen may sometimes increase to tw ice its norma! sue before it 
IS palpable 

In certain malarial surveys performed especially in India it has been 
suggested that a region m which demonstrable splenic enlargement is 
foundinlcssthaniopercentof ihecasesshouldbercgardedas healthy , 
enlargement m from jo per cent to 25 per cent indicates moderate endem 
jcity from 25 per cent to 50 per cent indicates high endemicity and from 
so per cent to 90 per cent or higher hyperenderoicity 

While there has been considerable difference of opinion expressed 
from lime to time about the value of the splenic index in the diagnosis 
of malaria palpability of the spleen temperature curves and cyclic 
manifestations should not generally be considered by the practitioner 
reliable for diagnosis without microscopical investigation 

Moreover in districts in which infantile or adult leishmaniasis causing 
splenomegaly is present or where schistosomiasis occurs the splenic 
index while still of some value m the determination of the presence of 
malana cannot give alone as accurate information as the examination 
of the blood or the fluid obtained from the spleen by puncture How 
ever m other localities and especially w children it may be valuable 
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Barber working m the Philippines with children from 5 to 10 jears of 
age obtamed a spleen index of 123 and a parasitic index of ii In 
making a spleen index it is best to separate children of different races 
ages and environments 

Clark in an extensn, e study of West Indian negroes upon the value of 
palpation of the spleen and examination of thick blood films found in 
the examination of n 000 adults a parasite rate of 23 5 per cent and a 
spleen rate m the same persons of only 3 5 per cent In other words 
onlj no of the 2 583 adults whose blood films were positive for malarial 
parasites had also palpable sfdeens If palpation alone had been relied 
on in this survey the diagnosis would have been missed in 2 475 of 2 585 
positive cases In children of whom i 102 were examined the parasite 
rate was 41 0 per cent and the spleen rate was only 22 78 per cent That 
is onlj 17s of the children whose blood films were positive for malaria 
had palpable spleens If palpation alone had been employed the diag 
nosis would have been miss^ m 287 of 462 positive cases Clark s 
careful investigations demonstrated that as a quantitative method for 
selecting adult males in need of treatment for malaria palpation of the 
spleen is unreliable and that its success 1$ limited even when applied to 
children 

Clark and Wilson m the study of the positive blood films of the 
children found that 86 19 per cent showed aestivo autumnal parasites 
II 23 pet cent quartan o 49 per cent benign tertian i 18 per cent mixed 
infections and 11 2 per cent creKents The percentages for adults were 
approximately the same except that 8 87 per cent were crescent carriers 
In emphasizing that the spleen index is o! but little value in estimating 
the prevalence of malaria in Haiti they suggest it may be accounted for 
m the high racial tolerance or the high incidence of aestivo autumnal 
infection as compared with quartan and benign tertian 

However opimons differ regarding the differences in the size of the 
average spleen resulting from infections with P vuax malartae and 
Jalaparum Covell and Bailey (1927) Sweet (1933) m India and Boyd 
(1930) in the United States imply that the greatest degree of splenomegaly 
occurs m infections with P ttvax and that m malignant tertian infections 
there is a higher proportion of smaller spleens However Barber and 
Rice (1037) in their survey of malaria m Egypt where the subject was 
carefully studied found that among persons infected with P vtvax a much 
higher percentage had negative spleens than was usually the case in 
infections with the other species of Plasmodium In these studies they 
made examinations of 1 962 individuals in ^l of whom both blood and 
spleen were studied The percentage of spleen enlargements was not 
only smaller in the vmav infections but this was true of every grade of 
splenic enlargement and especially so of those of higher degree 

Recently Genevray (1938) found in China that the high spleen rate 
was only 24 per cent whereas the parasite rate was 90 per cent and the 
gamete rate over 80 per cent MacDonald who has made wide studies 
of malarial infection in children bothinWest Africa and in India believes 
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that only some 50 per cent of tafections With malaria are ol sufficient 
severity to produce clinical ealatgemecit of the spleen As a result ol 
his final studies iji Assam he condudes that the parasite rate reaches its 
height in heavily endemic areas in the first tw 0 years of life after which it 
decreases and that the spleen rate reaches its height at from 2 to 6 years 
and thereafter declines He finds that a large spleen is generally as oci 
ated with 2 moderate parasitic infection whereas smafi spleens are 
associated nzth either a very small or very high parasite count 

These cbaical observations eie «I mlemt in coiwecuon ntth the expetimeoCal sror 
o( Coggeshall (ipa?) vrha made s study of sptenoinegaly in expefimentalRioakeyiRalana 
aad has designed sri apparatus ind a ifcinuQae nbioh makes it possible to measure 
accurately changes 0! spleen vedume in iwing toonheys Tfe followed ttese changes 
IS a total of SI animal and fousii an mportani response m the site of the spleen after 
iBOCuiaUon which Riay even precede the presence 0/ parasites in the penpberat blood 
The least degree of splenomegaly was as>oc>ateil with infections caused by (be most 
pathogenic parasite employed P Uneu/esi lliese infections all ternuaxted fatally 
A. slightly larger spleen was found when the eourse of the disease was extended by 
decreasing the swe of the dose either tn actual numbers of parasites or bv giving the 
looculatjoji intramuscoJarly instead «f tnlraveiwusly in other insianMs the splren 
ceased lo enlarge and Irecpiently decreased in si e near the fatal termination of the 
disease MoakeysinfectedvMthlheleastMruIcntpaTasite P tnui sfiouedabegto&uig 
splenomegaly at th« time parasites were w iWe m the peripheral blood At tbe peak 
of the acute stage of the di ease the spleen attained its maximum si e sometimes Uing 
appro^timately i times its original size Super infections produced an accelerated rate 
of tplttn entargecneot as compared with prtmar>’ attacks but with equal rapidity the 
spleen returned to the size noted before super infection 

It seena probable that m man tbe splenic reaction to malana) lAfection vanes not 
only &t different ages but m difierent t&dividuafs and races as well as accotdmg to (be 
species of infcctiag parasite and tbe seventy of the infection 

Spltfattmegalj —There is a \ery great diffetence m the prevalence 
of Biarked splenomegaly on the West Coast of Africa as compared with 
that which exists m parts of the Amazon basm in Brazil Malaria 
widely prevails in both regions but on the West Coast of Africa advanced 
splenomegaly is not a striking feature whereas in the Ria Branco regions 
it IS and large spleens to or below the level of the umbilicus arecommon 

Zseatsnzi emphasized the fact (bat marked p]eftomegal> is compara 
lively rare in association with malaria throughout the Cameroons 

Lambert and Olivcta m seven cases of lethal malaria found only 
one spleen weighing as much as fizo grams In 3 of the cases the spleen 
weighed only 350 grams or less while m a number of other cases of sub 
sidiar} malaria where death occurred from other causes the spleen was 
either not distinctly over weight or was even somewhat Jess than the 
normal weight of 150 to 170 grains 

Clark found in Central America (the Caribbean area) that while 
extreme cas^s of splenic enlargement 1000 grams or more vn weight were 
not infrequent tn the Latin Amencan labor class they were very rarely 
encountered in tbe negro even in those who had Iiv ed for a number of years 
on the mainland under the same environment as the Latin Americans 

In other pa«s of Africa sj^enomeialy ^ery frequently follows mfec 
tion with Sc/iisfosoma as emphaswed by Feiguson and Day nhd by Rich 
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ards and more recently fay Bonnia Schweszer Coleman Sttven and 
Girges 

la Amaznau Davia (1934) has leaJ^tzed S mansom tnfection in 
1694 sections of livers obtained Tuth the\isccrotoiDt from patients d>iDg 
m northern Brazil It is important definitely to determine "whether all 
the splenomegaly of Amazonia js a manifestation of malarial infection 
or Tphether soiae of it does not represent a form of splenic anaemia in 
which some other cause is at least a contributing factor 

Dee and Tribeadi (1939) »n discussing the commoner types of spleno- 
megaly in India mention that due to malam leishmaniasis and a thud 
type which resembles clinicail) Banti s syndrome in which no infective 
agent was recognized They term this type Bengal splenomegaly It 
apparently is the same condition which Councilman and Lambert and 
Shattuck and the writer observed especially m the Amazon region and 
elsewhere in the tropics in eartier years and which has been termed tropical 
splenomegaly 

Rousellot and Thompson (1939) have tried to produce espenmcntallj 
Banti s syndrom in monlej's by splenic vein constriction but their 
tesi^ts wete unsuccessfd as eidtee complete venous occlusion developed 
with splenic atrophy or an adequate collateral promptly formed with no 
alteration in the size of the spleen However they finally found that 
the injection of fine siliceous particles directly into the splenic vein mil 
produce a progressive curhosisof the liver ^ondary to this astateof 
splenic vein hypertension was produced with a concomitant congested 
splenomegaly 

Therapeotically Induced Malana for General Paralysis —Since ipr? 
the use of infection with malaria in the treatment of general paralysis 
first suggested bv Wagner Jauregg has been reported from various parts 
of the world It has also been used 10 the treatment of other forms of 
Rcurosyphilis Paretics have been vnfected either by inoculation of blood 
of persons harboring the benign tertian parasite or by subjecting them 
to the bites of infected anophelioes Aliue rarely the subcutaneous 
inoculation of extracts of tbe salivary glands of insects containing sporo- 
zoites has been employed 

The method m which the biles of infected mosquitoes is used, is to be 
preferred as it avoids the danger of the direct inoculation of tbe syphilitic 
VITUS or any other pathogenic organism from another human host and 
also the accidental inoculation of malignant tertian parasites can more 
readily be excluded 

he disadvantages of this method of infection induced by a mosquito 
bite IS that vt is less svisctptiWt to qmmne tteatcienl and more likely to 
relapse and the procedure is more oatnplicated as a group of infected 
mosquitoes must be kept on hand 

Great danger may result from the injection of malignant tertian 
blood on account of the frequent vnrulence of this parasite Jt has been 
suggested that by incubating the anopbdmes which have fed on malarial 
patients at about *2 C tbe malignant tertian parasite requiring a 
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higher temperature than the benign tertian one has its development in 
the mosquito inhibited After the mcrsquitoes have become infective they 
are kept m the ice box at s^C Under such conditions they usually will 
live and remain infective lo weeks This attests the known persistence 
of malaria m the hibernating mosquito A remarkable fact is that only a 
small proportion of gametocyte harbouring patients infect mosquitoes 
which feed on them This may be doe to variations m the abundi^ce of 
gametocytes but there is a question of difference in infecting qualitj of 
the blood of different patients 

Gametocytes first appear about a week after the onset of the malaria 
and the earliest sexual parasites do not seem to infect mosquitoes — 
this being brought about by gametocytes present in the blood to days or 
later after the onset 

For successful infection of the mosquito repeated blood feedings 
may be required fruits or other feedings may change the optimum 
reaction for infection of the mosquito s body fluids As a result of their 
studies James and Shute feel (bat it is only with those anopheiines whose 
environment approximates natural conditions that infection of man is 
probable 

The benign (etcua parasite has been used ui ffiosl tasrs Qusrlsn naUna has 
beea given particuliriy to patients who are resistant to hemgn tertian particularly to 
negwes or to those flho recover prematurely Plthn considets that where the pro 
duction of beftigo tertian maUna h«a faileU to beneftt a paretic «e are jusufied ta neat 
treating the patient with malignant tertian parasites Nevertheless the mortality 
has beea high n some senes of Caucasians inoculated with this species Doth P 
/ofetparuns aod P knattUs$ have been used successfully in negroes Several investi 
gators have also leceatly uioculaied P aasle 

In the United States and England both the methods of direct inoculation of Wood 
and of transmission by infected mosquitoes have been employed la Che direct mocu 
lation 5 cc oi blood prefcrablyobtamedattheheigbloftbeparoxyam may be injected 
subcutaneously or sometimes more effectively intravenously Good results have also 
been obtained from the injectioa of only i or i cc of Wood The blood need sot be 
matched as to group If anmfectioDisnotoblaiiied iaiger amounts of matched blood 
(uplo loo cc ) may be gives intravenously Bysnch amounts there is greater assurance 
of infection and the locubatwnperwd is shorter llissaid that there is no real danger 
of supenn feeling a patient -who has syphilis with a different strain of treponemata by 
giving blood from a case of late oeurosyplulu 

After an incubation period of usually 3 days to a weeh or 10 days with direct 
iBoculalioa the temperature becomes urepilarly elevated for a or 3 days then quc>i)6an 
pacoxyatnaof iewbtgio aadasn rule these soon bectune tertian ;f ibejofectjon isn>J 
quickly latemipled If the patiebta cowbtion permits the infection is allowed to 
continue until from 8 to i* paroxysms have occurred Quinine may then be given 
5 grains three times 4 day will usu^y atop the fevef after » days but the drug should 
be continued for at feast j weeks as a inecEatoni agsiost eehpse Patients miist be 
watched with great care and quiome must be administered at once if iheir condition 
becomes senous particularly if the blood pressure falls below 70 mm it tachycardia 
bewmes marked if the baemoglobitt falU materially below S« per cent if the parasites 
become escMSively numerous or if nnal usafficiency or matked jaundice develops 
The untie must be watched with special cate In severe infections it is sometimes possi 
blc bygiviogioradosesof to change the ineideace of the parox 

ysms from quotidJan to tertian or to wteiropt the fever for 1 or 3 days without terminat 
mg the attack 
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Re inoculation is usually possible dunzig the nett 2 or 3 months if the attack did 
not terminate spontaneously but after a loiieer uterval the patients sometimes become 
resistant to re ino ulation aith the same species an 1 remain so for as long as several 
years 

The inoculated disease (man to man) usually differs from the natural 
infection by mosquitoes in that the fever is more irregular the paroxj sms 
are less clear cut and the late recrudescences are never observed Sub 
jects for inoculation should be selected with care 

Contraindications to infection are myocardial or renal disease anaemia 
lowered liver function senility and advanced emaciation Liver function 
ma> be evammed by the btomsulphalem dje test However a normal 
result does not necessarily exclude liver disease Before treating cases 
with induced malaria, it is advisable to obtain a control blood count, and 
liver function dye test and serum bilirubin (van den Bergh) If these 
are normal and no contraindications for inducing malaria are present the 
treatment may be given with apparent safely After the malaria has 
been induced the case should be followed by a blood count and serum 
bduvibin test after each chiU and a bromsulphalem dye test once each 
week Without these tests one could not tell whether the malaria was 
producing anaemia bilirubinaemia or liver damage or whether these had 
been present before beginning treatment See Fig 29 

Treatment should be interrupted at any time the patient shows algid 
manifestations anaemia to the degree of three million red cells per cubic 
millimeter cardiovascular collapse evidence of liver damage as deter 
mined by the bromsulphalein dye test and marked increase m serum 
bilirubin as determined by the van den Bergh test Symptoms indicating 
gastto intestinal tract disturbance or evidence of kidney damage should 
warrant termination of treatment 

Certain differences have been reported regarding the incubation period with the 
different species Following direct in culaUon Boyd and Kitchen (1937} found that 
the nunimal penod between the injection and the detection of P file parnm parasites 
m the blood was 6 days or 2 days less than m the case of R t »x infections The 
parasites wee most commonly first found in / fci^r m infections from the itth to the 
t3th day the longest period be ng 25 days In mosquito transmission Boyd found 
the incubation period with R fal if »»* vaned between &-13 days averaging ii days 
Uitk P max the incubation period was ne ec less than o days and infrequently 
over 20 days In a few instances it varied frotn 85-97 days The incubation penod 
was found to be directly proportional to the dose of the sporo oites In the case of 
P malariae theincubatio ipenodbasbeenfoundinat least some instances to be longer 
27-42 days The attacks were more seve e than observed in P i>i ax infection and 
Boyd regards the disease in general as more se ere than that produced by P utax 
In two negroes successfully inoculated the acute illness observed was of relatively 
short duration as compared with that seen 11 whites Garnet cyte production was 
notobserveduntilseveralmonthsafterthe nsetof ihed seaseand was ne erevtensi e 
Hen e Boyd concluded that it is not well adapt d for gene al therapeutical use because 
the supply of infected mosquitoes cannot be fiequently renew d 

One factor that has developed from the study of therapeut cally induced malaria 
IS the racial immunity that may e ist in negroes especially toR pi ax infect on This 
immunity or tolerance is elative and n t absolute as has been shown by an occasional 
successful infection of a negro Thus Poyd who inoculated re negroes with R pttax 
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had oolj’ s takes and in only 3 of these was there evidence of any clinical reaction 
Milam and Kusch (1938) who inoculated S9wlutepatientswitlii’ knouUsi found them 
all susceptible to infection However 6 oeg»es reacted very mildly or not at all 

A number of investigators believe that certain Caucasians also show 
greater resistance to infection to malaria than others and in some of the 
series of inoculations this seems evident Thus James (1931) considers 
that m their degree of natural susceptibility to the pathogenic effects 
of primary infection with P tiiKuc mdividuals may be grouped roughly 
in 3 classes (1) Those who are very susceptible to malarial infection (2) 
those who are relatively quite refractory and (3) intermediate between 
these 2 extremes the vast majonty of people who may be described as 
normally susceptible Hia later studies (1932) suggest that similar 
grades of susceptibility may exist against infections with P falctparum 

Smton IfuttoQ and Shuts (1939) also found in (he (leitsnent of a series of cases with 
P otaU that similar grades of relative susceptib hty for this parasite existed among 
o 3 patients who were with a few exceptions Europeans who had never been exposed 
previously to mfectien with /* oiaU Id one of James series spprozimatelyiSpercent 
of the cases inoculated failed to develop an attack of malaria within the usual incuba 
tisn penod He believes that the faUure encountered could not be explained as being 
due to failure of the mQS<]uito to inject n suffiaent dose of iporosoites but rather to a 
condition of refractoriness in the patient However Boyd who attempted infection 
with P etvaa by mosquitoes in C03 patients fonnd 87 positive results and 16 failures 
Ofthese IS Ister were reinoculated and infecUODSwereobtained m all So>d believes 
that failure to become infected in these experiments was dependent upon the deficiencies 
in the psiasite tathec than in the human subject 

T alue of Treatment — Some difference of opinion has been expressed 
as to the value of malarial therapy in the treatment of general paresis 
However Solomon (1937) m summanzing such work states that either 
by febrile treatment or tryparsamide it been possible to arrest the 
active piocess of the spirochaete m at least 70 per cent of the cases and 
that approximately in 30 to 40 per cent there has been sufficient clinical 
improvement to return the patient to his former place in society He 
believes that by the use of fever results are obtained more quickly but 
that the combination of fever and tryparsamide treatment affords the 
best chance of success and the continued use of tryparsamide affords a 
greater guarantee against relapse It is now generally believed that the 
favorable results are due to hyperpyrexia in itself and not to any other 
action produced b> the malarial parasites It has also been suggested 
that the improvement in the treatment of general paresis may be due 
solely to the hyperpyrexia but whether it is due also to the stimulation 
and pioducUon of phagocytes by the reticulo endothelial cells is a matter 
of controversy 

Boyd and his assoc tes (1938) in (beii tepoit of 190 c fs of cerebrospinal lues m 
which malaria therapy was supplemented by chemotherapy found that 55 per cent of 
the cases receiving malar al therapy as contrasted with 30 per cent of those receiving 
chemother py alone showed varying deg ees of improvement to complete remission 
while 4S per cent of the former and 70 per cent of (he latter were either unimproved or 
h d died The re ults f m naturally or artificially ind ced malarial attacks d d not 
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appear to be significanlly different The present statas oJ the patients m the e senes 
at the lime ot the report w as as loTloas 
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It was estimated that only deaths occutnog «uh(s otie month of the cessation of 
the attack of induced malana could fairly be laid to IreatniMt OS the reported 
dead only died Viitbin that penod which would give a luoitahty rate due to treat 
ment of 6 9 pet cent They conclude that malaria therapy combined with chejno 
therapy Rives very much better rtsuUs in the treatment of neurosyphihs than chemo 
therapy alone They believe it advisable in th treatment that the patient should he 
subjected to a rrunimum of at paroxysms which attain a height of rot F ot more In 
their hands a single infection nith the quartan parasite appeared most frequently to 
produce this result 

Dangers oi Transmission by Blood —Transfusion of y>bole blood 
b^s \KccDze tert c^mmcn in ciintcai tborapeui/cs but }jtt}e sttention ha* 
m many mstances been paid to the Itansmi sion of other diseases b> 
the transfusion except syphilis It therefore is not strange that malaria 
has m a number of mstances been accidentaDy inoculated Wright 
(1Q3S) has collected 20 cases from the literature in which the disease was 
transmitted by transfusion Gordon (ipdi) has reported 6 additional 
ones the last from the admmtstration of stored blood Gardner and 
Dexter (1938) m repotting a case of quartan malaria contracted through 
transfusion record the fact that P moforjoe can remain latent in the 
internal organs of the bod) for long periods 

>iavi«rQ has rcpoittd a case of quattan inaUna in a 6 weeks old infant transnutted 
by the intcamu cular injection of blooi from (be fo(ber who had had mafana jy year* 
previousiy m Italy The parasites were sOlJ demonstrable id the fathers blood 
McCulloch deKnbed the case of a woman in roronto who contiarted quaiUti jcalana 
follow ing ttansfusum from a donor who had had malaria m Pumania r j years before and 
had DO symptoms of the disease in the int ntn \\ n^t desenbed an infant in whom 
malana developed 4 weeks after transfusion fiom the father who had been free from 
symptoms for sj years 

Viang and Lee (1936I have also reported that 59 cases of benign tertian fever ami 
6 cases of relapsing fever have foIJowrd blood transfu ions in Peiping Union Medical 
College JO the past 10 years These cases emphasise the care that should be taken in 
the examination of the doiioi s blood for malarial parasites and other mictoorj,amsms 
before use in transfusion They also point out the great danger of ernpioying blood tot 
transfusion from a donor who has resided in a (^ntry where malana is epidemic 

Infection ut Drug Addicts — A nun^r of infections of man nitb 
malaria have been repotted among drug addicts who have used the same 
unsletilized syringe, one of them baaing been previously infected with 
malana Appelbaum and Gelfand observed 39 cases ol maJam among 
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drug addicts in Bellevue Hospital New York City ynhere the infection 
was said to have occurred from the use of diacetyl morphine a small 
amount of blood (from an mdisidual suffering with malaria) having 
been first sucked up into the synnge ut order to fae sure the needle had 
entered the vein and the other patients subsequently inoculated with a 
portion of the contents Biggaza has also reported such infections m 
Cairo due to intravenous mjectioos of berom among drug addicts All 
bis cases clinically were of the malamWjrscntenc type 

lUlptia tigj4) laUiBe(i946> »a<]M<Mt(tQ4o)have4lsaempha»ze4thei2&{>orU»ce 
of tUs tnelbod otistcction In drag addicts •od the fatehties that may tesulc tram such 
intection Atast duiing two yeats observed over eoo heroin add ett EuSensg from 
fsicifarum malaria contracted as a result ot the commoa use of a hypodernuc syringe 
for ititravetvous iduiinislrtl on of the drag Cl nicslty and paihologtcatly the disease 
cosnifesla sU the cbaracteniUcsof/dtctperKm matanass it occurs in the tropics tsclud 
isg vanans cerebral gastro-inleslinal and haemoglotnaunc syndromes Aniosg the 
caset nilh cerebral in olvement stupor end coma were the special symptoms observed 
m 10 of the fatal eases htost points out that this disease has become endemic la the 
New York metropoiilan area 


DlACSOSlS 

In th« diagno$>» u! malanw the special points to consider are (i) 
Presence of malarial parasites (s) Periodicity (3} Splenic enlarge 
ment (4) Response to quinine tlwrapy (5) The presence of melanifer 
ous leucocytes (6) A high large snonoouclear percentage when leuco- 
penia is present 

In the examination for parasites it is of importance to consider the 
species of parasite present and the stage of development and the presence 
of the sexual forms In an intensive investigation Bass found that 55 09 
pet cent of those showing parasites in the blood gave a clinical hutorj of 
malaria while 44 91 per cent of those with parasites in the blood rev ealed 
00 clinical manifestatioBS of malaria Blood platelets have bees Ire 
quently mistaken for malarial parasites in stained blood and vacuoles 
lot young parasites in fresh blood Quartan and tertian periodicity is 
only found in malaria but quotidian periodicity 15 a feature of a host of 
diseases 

Bifiereotial Dtagaosis ~Tbeie are very few tropical diseases which 
have not been mistaken for malana and m many instances the aCcction 
has been considered to be of malarial etiology before the discovery of the 
teal cause 

As regards tropical diseases — Icala a*ai Malta fever live abscess 
filariasis trypanosomiasis lepro^ relapsing fever and yellow fever are 
to be thought of m differential dugausis Liver abscess has been fre 
quently confused with malana 

Of the cosraopohian diseases typhoid fever septic conditions indud 
mg mabgnant endocarditis tuberculosis inQuenza pjeliiis and even 
syphifis are to be considered in a diagnoses of malaria 

As was noted under the discussion of the pernicious manifestations of 
malaria many diseases may besums^tedby the sporula tion of the malanal 
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paiasjte m certasa prgans or areas of organs One sJxouid always keep in 
mind the possibility that pain m the appendix region or in the gall bladder 
may be connected Y.ith malana if m the tropics A polynuclear increase 
negatives nulana and may suggest appendicitis or cholecystitis in such 
instances 



Pig 30— a ln«t f of bJiKJi pl»t let* And t »<» pUtekt* lytti?oj>«rv * r«>t c • mu 
tnsUnel paTo* tes ( X low ) (Todd ) 

iMaiarial cachexia must not be confused w ith hookn orm disease or other 
secondary anaemias doe to intestinal parasite 

Provocctiif to induce a relapse with a reint asion of the blood 

by malarial parasites are occasionally employed for diagnostic purposes 

Among these may b« mcntiontd (atisue tefngetatton nponiTetosuchght admiRia 
tration of sisall dosra of pumice for >» to 14 days or of brrUrine sul{>b&tt liilt&venoUB 
mjKtioni of typhoid vacciae tn 4 subcutaoeoat injections of ergotine itri’ChniQr 
adtenahn and epmephtm Injections of eptoephnn have bem generally regarded as 
the most oUective procedure After the subcutaneous injeclion of r cc of a r to 
ecoa solutioa of epmephnn the parasites may appear la the htood as early as so initiufrs 
alter the iRjecdon and reach their height m about 1 to e hours The mjection of this 
drug usually causes a marled increase in the nombet of erythrocytes plat lets and 
leucocytes probably as a result of tbe vasoconstnction of seeb organs as the spleen 
Marnnr and other haenutopoietrc centers 

Levi Simpson and Ksdness (1936) have performed etpenmtnls on guinea pigs uith 
a closely related drug ephedrioe aod demmsliated (by splenectomy) that the spleen 
IS not essential for a rise in red cells leucocytes and pfatefets and that the drug causes 
eetKiSion of these cells into the orculatWB from storage and haematopoietic centers 
including the bone marrow 

Others have employed s c ofadrenabnbydrochkindedi solved m 200 cc of normal 
saline solution This may result in redo tion of tbe siie of tbe spleen as well as the 
appearance of parasites m the blood 

Videla (1934) has reported aucces^ul results ta the demonstration of parasites in 
4 of 6 cases in which Ihi usual roetbuds had faded by daily intravenous injections of 
to cc of ro per cent calcium cbJor 6 r srdutioii for » or 3 day* 

During the nmter parasites tend to disappear From tbe circulaliou regardless of 
ircatrotiit Obviously the accurate d agnosis of malaria can only be made bv labors 
tory examiaatitins 

The Blood Exammatjon — ^This is of prime value m tbe recognition 
of maiana, and one should exanune 6ot& fresh bfood preparations and 
stained films with the oA ammnston lens A diagnosis of malaria 
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should not be made unless malarial parasites are definitely detected 
To the experienced observer the diagnosis in many cases is most con 
clusively made from the examination of a fresh preparation In such a 
preparation flagellated forms may be observed but they develop only 
from 15 to 20 minutes after taking of the blood Of great differential 
value IS the swollen pale infected red cell in P vtvax infection as con 
trasted with the normal sized or slightly smaller red cell of P tnalartae 
infection and the often distorted shrunken red cell of P JaUtparum 
infection The motile amoeboid forms as well as the larger pigmented 
parasites are quite distinctive At ati autopsy both fresh and stained 
smears ma> be made from the spleen or bone marrow The parasites 
usually preserve their form longer 10 the bone marrow before disintegrat 
ing Films fixed in absolute methyl alcohol should be stained by Giemsa s 
method and exammed with the oU immersion lens The body of the 
parasite is stained blue and the nuclei ruby red The evenly spread 
stained film sometimes gives more accurate information as to species and 
stage of c)cle than any other method (see Plate I) 

However if the parasites are scanty some advisers recommend the 
thick film method Nevertheless the parasites may be distorted in such 
preparations and it is sometimes difficult to make a diagnosis from them 

In the tluck film method a dropof blood msybesmeired witbepinoversbout iH 
■quite inchei of a slide and allowed to dry (or >0-3 minules in the incubator In 
ord r to take the blood the sli le is then imoaersed in a Petn disb containing a solution 
of per cent lotmalin and 1 per cent glacial acetic acid This process must be 
carefully performed m order not to detacb the film The slide is then well weshed n 
diitiU d water and stained with d lute G emsa (one drop of the stain lo 1 cem of water) 
for so to 30 minutes washed m water and allowed to dry Ital g ir Holt »| 

Field (1940) reported excellent results for thick films from the use of the following stain 

Brilliant cresyl blue 

Disodium hydrogen phosphate (aoh>drous) 

Potassium dihydrogen phosphate (anhydrous) 

Distilled water 

The smear may be lightly fixed in a flame stained for one second and 
differentiated in clean tap water for 5 minutes 

Many observers prefer the concentration method of Bass and Johns 

Coneentraimn HelM ef Bass and Johns -This procedure is more ted ous than the 
preparation of thick films but the parasitized red celts are effecti'ely concentrated and 
the ted cells and parasites are perfectly preset ed and stain as well as in ordinary thin 
filr s Blood (s or o cc ) is mi ed with a miiunul quantity of oxalate or sodium cit ate 
s lution and centniugalized at zjoe rpm The upper layers of red cells which 
include practically all those containing parasites are pipetted oB into a smaller tube 
a d again centrifugalized This is repeated once o twice more if necessary and thin 
films from the upper layers of the final seebment are made and stained in the usual way 
(V, ght and G emsa) Wilcox (1941) has published a most excellent Manual for the 
M croscop c Diagnosis f Malaru m Man which should be consulted for deta Is eg rd 
g the most satisfactory technical procedures 

Blood should be examined several times a day throughout a cycle ax 
the trophozoites of P falctparitm may otherwise be missed 


I ogram 
r o gram 
I rs gram 



91 


»t\CNC»IS 


Crescents when found induAte a malignant tertian infection, but n 
some cases there may be also an additional infection with P max Tbe 
> oung malignant tertian fonns can often best be detected m stained films 
since m a fresh preparation occasionally a blood platelet lying upon a red 
blood corpuscle may closely resemble the young ring form It is advis 
able to ascertain whether the patient has been taking quinine since if he 
has done so within a week tbe chances of finding parasites, \ ith the excep- 
tion of crescents may be small, though occasionally pigmented leucocy tes 
may be seen Qumme may not only cause the parasites to disappear 
but may affect their staining and cause degenerative changes and such 
altered parasites are dtffi*,uU to detect and diagnose 

Blood obtained by puncture of the spleen, a somewhat dangerous 
procedure or of the sternal bone marrow willsometimesshowparasitesm 
latent cases m which they cannot be found in the peripheral blood See 
also Provocative pleasures (aboie) 

SchUffner s dots may frequently be rccognued with Leishman s or 
Giemsa’s stain but for the be«-t results special details are necessary 
Whitby (1937) recommends particularly Leishman s stain, emplo\ed as 
follows 

4 drops of th« siua are placed upon the slide aod allowed to renam for so seconds 
they add ij drops of distilled nater brought to a /Hot 1 1 aithlKhium carbonate and 
toll tbe slide to effect nustutr allow to stain for half an hour and flush off nitb the 
buffer foluttOQ allow to dry in the air Oieinta fipjs) also recoatntnds a buffet 
solution of pH 7 mth this slam 


MaLAMAc, pARASttts IS Uhstaiseo SrcciOTs (FsxsB Bioob) 



P u ax 

Cbtriga lerttsa) 

P Mtlariae 
(<tu 4 rUa) 

P fa' ipatum 
(maligaant tertian) 

(ae tivo-autumnal) 

Character of 
jouag 
tropho 
soile 

Indistinct amoeboid 
outline Hyaltoe 
Occupies H to Hofs 
rbc 

hlore dense and less 
amoeboid than P 
etvox Frosted glass 
appearance of disc 
like parasite Size 
-ameasjP weo* 

Small crater like dots 
•g the diam. of the 
Common to find s or 
more parasites in i 
cell 

Cbittcterol 

growing 

Iropbo 

zoite 

Utghlf amoeboid 
( vivacwus ) Fine 

yelloTTish bronn pig 

; merit granules 

Very move 

ment Forms more 

compact in outline 

Figinent tn coarse 
black grams or 
cbudfcs nbicb may be 
tn sluggish motion 

Older trophozoites 
rarely seen m penpb 
eralblood Fine 
black pigment scat 
tered evenly in cyto 

Character of 
mature 
schiaonl 

1 Amoeboid outline but 
' no movement let 
low brown pigment 
which vs motile early 
, uiKhiioronv 

Oval in shape Coarse 
bbefc. pigment mas es 
Humng sloggisblv vo 
early schizogony 

Not seen in peripheral 
blood except rn mon 
bund cases Scanty 
chunks of fine black 
pigment 
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C<tVT>Mr— ^hi ih d A nt 1 p t«Ub<ibt»d d p sd b1 i a rul i tgn aall uld 
V b* m d «nth at ludj- canuinb I dMdoaip t t It ti eft ns t ryteebie 
tb p t th u«Ii 40 t r cr i Tb *p « R t b d fltre tl t 4 bp me s Mb ir 
i\ntl rm t n (e « t) Then («<neuimit k to vet k? /il< t am tb r ru pi 
ef tn a d nfeet r Tb n c ( me « ofteo 4 (ccl bl n tb penphee I bl d If dunnc * 

ffl U p n n f (h <p<l 

CvUivalion on artificial media has not proved to be a practical 
diagnostic procedure 

The blood shotvs a hacmol3rtJC type ol anaemia which may be extreme 
The red cell count may be reduced by a hall million or even a million 
during a single paroxysm During the paroxysm there is usually a 
Icucocytosis In the intervals there is a leukopenia and an increase in 
monocytes often to rj or jo per cent This may be absent m native 
races long exposed to endemic malaria The presence of pigmented 
phagocytes in blood films is dmgnostic of malaria Such melatiifetous 
leucocytes are of rare occarrenw and in blood which contains them 
parasites can usually be found m thick, films 

Reticulocyte Cnsis — If qumme is administered to a patient with 
malarial anaemia there is frequently a nse tn the percentage of reticulo 
cyles which reaches a maxittittm within 4-7 days This is regarded by 
some as specific for malaria and not occurnng in other types of anaemia 
and a sustained subma-ximalreticulocytosisis thought to be characteristic 
of an actively persisting malanal infection 
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CuKtCAL DlXFEUt.CES 



Keccat iDvestigatiotii have tho«n touch van tion la the number of reticulocytes 
found tn health at diSerent houia o] the day as well as ta disease As they are young 
red celts they are usually numerous only if aetivc blood regeneration occurs \\hilby 
and Bnlton (1937) however in accord with the usual opinion give the normal number 
fn the blood as less than r pet cent However iMggndore a d Reisntr belie t 

that the normal reticulocyte counts of o $ to t per c nt are much too low and that they 
may go at tiroes to even ri to ty per cent Although these results a e very unusual 
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this question must be mom catcfuUj studied at different bouts ol the diy and seasons 
o( the year as some ob ervers have found an increase m the reticulocyte percentage 
during the spring (Grunke and Dtesuig 1936) 

An abrupt rise of reticulocytes and a maumum of 5-40 per cent or even mote 
(a reticulocyte crisis) often occurs reilbn a few days after the institution of effective 
treatment in severe cases of pernicious auaemu and hypochromic anaemia Reticulo 
cytes also are especially numerous m fanulu) haemolytic jaundice (frequently ro per 
cent rarely up to 50 per cent) Fauley found after the administration of qumme or 
atahrin m a senes of id cases of malana the average maximal reticulocyte count was 
10 per cent 

Leucocytes — Large mononuclears and trainsitionals containing phagoeytosed pig 
roent (melanifcrous leucocytes^ are character »tic of mahru— the pigment however 
must be in the leucocyte and not free fhere is a leucocytosis during the malanal 
patotvstn with a leukopenia and increase in the large mononuclears (monocytes) during 
the apyrexwl p nod often to tj per cent or jo per cent Among natives of India the 
large mononuclears and transitionals averaged Ji per cent m the apyreeial stage of 
malaria while healthy natives rarely showed as much as jo per cent (Stott) Other 
observers wrho hive made counts of the large mononuclears and transitionals in different 
parts of the world in the tropics hive found the normal percentage in healthy individuals 
between 3 1 and 6 6 per cent which corresponds very well with the normal count in 
temperate climates 

Wassermana Reacboa. — Vttention has been called (p 63) to the frequent positive 
^Sasiermasn reaction observed in malana In counlnrs where syphilis it also common 
one obviously cannot reW upon tbs reaction for differential diagnosis 

Henry’s Floccolatien Test— Henr) (193?) has shown that the blood 
serum of a malanal indis idual is apt to flocculate if muted with a suspen 
Sion of melanin extracted from bulls e>e$ (Hent> s reaction) This 
reaction was fust thought to be due to the specific previpitatioti between 
antibodies m the serum and meUnm (Ibe antigen) Ho\se\et it has 
been shown subsequently that the reaction is due to the non specific 
precipiUtioa of the serum globulin which is much increased m quantity 
during the acute stage of the disease 

Channe(i037) found that identical results rould he obtained by using distilled water 
instead of the melanin suspension provided the readmgis made with the help of apho 
tometer Themelama therefore mustbecoosidcredasanintensifferonly andalthough 
Its presence makes the reaction more easily readable to the naked eye it is non essential 
the reaction actually consisting essentially of the non specific precipitation of euglobulin 
by disfiUed water 

Recently a large number of reports regarding tbs resclion from different countries 
have been published a number of wbch eropbasue its occurrence of in many cases of 
malaria Wright Tmisz (1936) Chorine Tyaganja (1938) and \Solff (1939) have 
employed the tests successfully Wolff (1939) emphasises that although the test i 
not specific tbs does not imply uselessness ANolff has employed in addition a 
oeiv test a buffer precipitation test wbch isa futther development of Chorine s nodih 
cation of the Henry te £ This buffer preopitatXHi test aims at the precipitation ol the 
euglobulin under the stabiliz d conditions of the buffer solution arranged in a set of 
different pH concentrations For practical purposes a small set of J tubes only 
(pll 7 and 74) proves efficient in most cases Tor several months he has employed 
this buffer test and compared n at the same tune with Henry s test on 350 sets He 
found BO disagreement between the a tests as regards undoubtedly positive cases but 
occasionally a disag efrent s» regards borderline cases He is stiU undecided as to 
whether bs buffet test gives better results than Henry s fe t in such borderline cases 

The test has been recommended as follows («) in cases of suspected chton c malatia 
(6) in acute cases where the para ite finding is diffi ult as a result of the admin stration 
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o{ dru^ (;) m the eliioiDation of matoiul amen atnongst blood donon &sd (d) 
to control efficicy of treatment 

Pfosbe and Watson (1939) have also deacnbed a protein lyrosene test which they 
ton ider valuaVAe in the diagnosis of tnalatia The principal reagents consist of sodvnm 
sul[hate solution sodium hydro ide aolntion t3rTosine standard solution and the phenol 
reagent of Folin and Ciocalteu This test when serums ate used they assert gives a 
simple accurate colorometric reading which obvutes the necessity for a photometer 
which was required by the Henry snodiagnostic Ust The procedure is based on the 
fact that proteins possess a ehrornogemc property which can be measured quantitatively 
ag inst the color produced by pure tyrosine in the presence of a phenol reagent This 
chroniogenic value is constant (or a given protein and the intensity of the color produced 
can be used as a measure of the amount of protein ecatnmed The tyrosine ehrornogemc 
in lex IS determined by comparison with standards procured from pure tyrosine As a 
result of the examination of more than 1000 normal blood sera these investigators 
found that the tyrosine index (or euglobulin fluctuates between go and 80 while that 
(or serum from malaria patients tang s from go to 060 or higher They believed the 
test to be indicative of the presence of malaria in 97 « per cent of known malaria cases 
examined as compared with 81 9 pet cent po lUve thick blood films examined at the 
same time They point out that like the Henry te t and its modifications this test is 
non specifc but its high sensitivity ui malaria may make it a useful adjunct in the 
laboratory diagoos s of this disease and possibly in the diflertntial diagriosis of other 
palhologi cond tions characiented by an increase in serum euglobulin However 
tberecentworkofSehv arts elder and Adams ( 94 ) hasshown that while the tyrosine 
1 dices were usually above norm 1 m individuals sulTen/ie »tth malsria high indices 
were also obtained with the sera of a number of ind viduals suffering w itb other diseases 
especially leprosy paresis tuberculosis and lyihoid fever They regard the clinical 
value of the protein tyrosine carcion in the diagnosis of malaria as little more th n 
supplemental 

In the case o( all these chemical testt which ate not specific extensive 
further study must be made of their occurrence m other pathological 
conditions as well as in normal controls In this connection it may be 
mentioned that kala azat has been found to give a positive malarial 
(Henrj s) reaction and wherever these J diseases are endemic constitutes 
animporiant source of possible error However the globulin is generally 
increased in kala azar and unchanged in malaria and the pscudoglobulin 
IS unchanged in kala azat but decreased m malaria while the albumen is 
decreased in both conditions Ceitam forms of splenomegaly presumably 
o( other origin have also frequently given a positive malarial reaction 
Hence while these reactions are of considerable scientific interest it 
would he very unwise to rely upon them alone for the diagnosis of any 
case of malaria 

Complement fixation has been repotted by Coggeshall and Eaton as a spec fic eac 
I on in raataiia in employing P kiwulct antigens and this ha* been confirmed by 
Dulaney and Stratman Thomas ( 940I Thepoiavtes were washed as free as poss b) 
of haemoglobin and other blood constituents and dried nten When ready for use 
astanditdixedainonntwasrehyd atedw thpbyviologicalsaUne froaenand thawed and 
th supernatant fluid used as antigen 

Dulaney end Scratman Tbomis have test d the sera on 83 patients in whose blood 
rovUtial paras Ws were demonstrated Seventy two pet tent gave a jiositi e comple 
ment fixation for maUna at some tune dun g the course of the disease They point 
out that a positive reaction is probably diagnostic of nuUna but a negative one does 
not rule out malar a See also page 6* 

In a study of the sera from 34 individuaUp esumibly free from maUna isywere 
negat ve and 7 gave weakly pos live reactions In subsequent examinations (194J) they 
found 24 pos live tests n 70 p sumaWy nonMal riois cases Coggeshall (194 ) 
states that in induced m lana the test famtn s po itive ab ut the second week of 
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The prognosis in benign tertian and quartan fever is most favorabie 
when nroper treatment is instituted sufficiently early, as such infections 
are practically never fatal in first attacks Not only may malignant 
tertian kill in a first attack but it may lead rapidly to a cacbetia while 
the cachexia following upon benign infections is more gradual It is the 
tendency to permciousness ■which makes us dread malignant tertian 
malaria as w e can never be sure that a paroxysm may not develop cerebral 
or algid manifestations and these shon a ver\ high death rate 25-50 pet 
cent even when treated 

As regards relapses some observers have found that quartan malarial 
fever is most apt to shov% this feature and aestivo autumnal the least 
Deadenck gives the percentage of cases showing relapses in quartan benign 
tertian and aestivo autumnal as 65 55 and 4.5 An important feature 
of malaria is its invalidating tendency and bj reducing the powers of 
resistance it raises the death rate from intercurrcnt diseases Tropical 
malaria does not seem to affect the native as seriously as it does the 
European but the high death Mieof infants among the niuves is uadouhf 
edly often connected with this disease 

The prognosis 1$ more favorable in those who are well placed eco 
notnically and it is the inadequately boused and insufficiently fed that 
malaria affects most seriously Coexisting debilitating diseases as 
tuberculosis syphilis or intestinal derangements render the outlook 
more unfavorable Malaria influences pregnancy and lactation and 
it IS the malaria rather than treatment by quinine which is responsible 
for the tendency to abortion Statistics vary greatl) as to the percentage 
of fatal cases m malaria Certain figures from tropical countries gise 
fatal results as occurring in from 2 to xo per cent of cases while statistics 
from temperate climates may show a death rale below i per cent Thomas 
and SydenstrKker (1938), m the treatment of 44 cases of malaria m 
Georgia found a general mortality of 4 09 per cent but this only occurred 
in cases of infection with the aestivo autumnal parasite The mortality 
from pernicious types of malana is frequently about 25 per cent Thomas 
and Sydenstrlcke^obsc^^ed3InortalIt> mcercbral malaria of 50 6 per cent 
In more recent years of prompt treatment with quinine this mortality 
was reduced to 11 8 per cent sa ^6 cases They regard the reduction m 
mortality as due to urgent treatment with quinine In * cases that were 
treated with atebnn the symptoms progressed so rapidly that quinine 
was substituted as a life saving measure 

The prognosis when complicated by severe blackwater fever is grave 

Tbeatmekt 

Of all the specifics recognized in medical science quinine stands pre 
eminent m the treatment of malana For many 5 ears it has been regarded 
as the only specific for malarial infection and its use in the treatment of 
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malaria has been more successlul than that of any other drug for the 
treatment of any other infectious disease It is doubtful whether any 
other drug has saved as many bves or relieved as much suffering 

During the past 15 years a number of new synthetic specific remedies 
have been prepared and among these plasmoquine and atebrm have been 
particularly employed It is stiU too early to express final opinion of their 
role in the prophylaxis and treatment of malaria but many authorities 
now appear to consider atabnne to be equally efficient for the average 
case of malaria and in some respects to be preferred 

Quinine * — ^The cheapest and most generally obtainable salt has been 
the sulphate It is as efficient in the treatment of malaria as any of the 
salts if given in soluble form It is soluble in 720 parts of water and 
contains 74 per cent of alkaloid When given m pill form it is relatively 
insoluble and the pills unless freshly prepared or when hard may pass 
through the alimentary tract without absorption For this reason it is 
sometimes advised to give the salt m acid solution made for example by 
dissolving s gf (03 ) m o 4 cc (6-8 drops) of aromatic sulphuric acid 

and adding syrup of ginger water to make 4 cc In order to disguise the 
disagreeable and bitter taste of quinine which is so objectionable to some 
people in aqueous solutions syrup of orange or of lemon may be added 
Quinine is also rendered less bitter if mixed with milk Quinine hydro 
chloride is more soluble (in 32 parts of water) and contains about 90 per 
cent of qumme It also may be given in tablet form (sugar coated >1 
desired) and also may be dissolved in water 

tyhen one is in doubt as to tbe absorplnn of quiniM and also as to wbetber tbe 
drug has actually been taken tbe urine may be cxami ed as follows To 3 cc of the 
unne in a test tube add g-d drops of Tanrets reagent heat and filter to remove albumin 
if present The presence of quuiine is shown by a dense white precipitate on cooling 
the solution Tbe ptecip tale wiH redissolve on healing (Tanret s re gent Dissolve 
3 grams of poias lum iodide 1 gram fcormivesublimate a cc of gl cial acetic acid 
diluted to 60 cc with water The excretion of quinine is the same whether given by 
mouth 0: injected The drug appears in the arine within $ minutes and altogether 
one tenth of the total quantity may be passed in this manner How e and Lyon 1943 
sho V the e creti n may sometimes be delayed 1-3 bouts or not occur 

The League of Nations Malaria Commission (1939) especially recom 
mends the u e of lolaqutna a roixlure of cinchona bark alkaloids that 
can be produced at a price well below that of quinine The new standard 
preparation contains 70 per cent of crystalline alkaloids of which not 
less than 15 per cent must be quiiune It has been used very extensively 
indifferent parts of the world during the past 3 years and taken as a whole 
the researches seem to show that lotaquina for mass treatment is almost 
as efficacious as quinine in reduemg fever and clearing the peripheral 
blood of parasites 

AaoDg other preparations of qn nme teccotly advocated but of less value and not 
so widely used are Tebil n (Mcthylbydrocuptcui) cupro-o yquinoleine or Cup ocii 
( paludez ) Luq we (euchin ne) or etbylcarbonate of quio e Lacqu containing 
ethylcarbonste grams 

yVoodwarf R B &. D nng V\ I Jl Imer CA m ^ c 66 849 May 1944 
hive r p tied for the first time i the tot I synthesis of qui in 
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malaria has been mote successful than that of any other drag for the 
treatment of any other infectious disease It is doubtful wbether any 
other drug has saved as many lives or retiesed as much suflenng 

During the past j 3 years a number of new synthetic specihc remedies 
have been prepared and among these plasmoqume and atebnn have been 
particularly emplo>ed It is still too early to express final opinion of their 
role in the prophylaxis and treatment of malina but many authorities 
non appear to consider atabrine to be equally efhcient for the average 
case of malaria and in some respects to be preferred 

Quinme *— The cheapest and most generally obtainable salt has been 
the sulphate It is as efficient m the treatment of malaria as any of the 
salts if given in soluble form It is soluble in 720 parts of water and 
contains 74 per cent of alkaloid When given an pill form it is relatively 
insoluble and the pills unless freshly prepared or when hard may pass 
through the alimentary tract without absoqition For this reason it is 
sometimes advised to give the salt in acid solution made foTe:xample by 
dissolving 5 gr (o 3 gm ) in o 4 ce (fr-8 drops) of aromatic sulphuric acid 
and adding syrup of ginger water to make 4 cc In order to disguise the 
disagreeable and bitter taste of qumme which is so objectionable to some 
people m aqueous solutions s>iup of orange or of lemon may be added 
Qumme $s also rendered less bitter if muted with milk Quinine hydro 
chloride is more soluble (m 32 parts of water) and contains about go per 
cent of quinine It also may be given in tablet form (sugar coated if 
desired) and also may be dissolved in water 

tthca one 1* in doubt 1% to tb« abiorptioft of quinme and also ts to whether the 
drug has actually bero takes tbe unse may be exaeused u follows To 3 cc o( the 
nnnnattitt tub# add S'-d drape of Tuiretaraegest heat and filter to remove atbuoin 
If pretent The preMoce of quiome la shows by « dense white precipitate os coolisg 
the Mlut on The precipitate uitt redissot e on heating (Tanret s reagent T asolve 
3 gratna of potau urn iodide t gtam of corroviveaiibhiuate riec of glacial acetic acid 
diluted to Oo cc jlh saier Tbe tatiet on of quinine vs the same whether pien by 
mouth or in;ected The drug appears »n Ihe unoe within minutes and altogether 
one tenth o! tbe total quantity may be passed in tb s manner Hovie aod Lyori 1943 
show theetCretOB nWys met met be dcltyed -J hours or not occur 

The League of Nations Malana Commission (1939) especially rccom 
mends the use of fofa^Ktrrq a mixture of cinchona bark alkaloids that 
can be produced at a price well below that of quinine The new standard 
preparation contains 70 per cent of crystalline alkaloids of which not 
less than 13 per cent must be quisiiie It has been used very extensively 
iti different parts of the world dunng the past 3 > ears and taken as a whole 
the researches seem to show that lotaqmoa for mass treatment is almost 
as efficacious as quinine in reducing fever and clearing the peripheral 
blood of parasites 

Among otbM pftpanUonf 0/ quMun# meetly adrocated but of less value «od not 
*0 widely used ire TeJfJrM (Methylbj^raaipre n) cupro-oiyqiunoleiif or Cu> ocliiii 
( paludex } fuguininr (rucbin ac) erethykarbonale of quinine Lacfinn coritHamg 
‘ibylcirbonite gnias » 

dward R fl i. D nng Vt F Jl imer C*e« 5ue 66 849 M*y 1944 
ns r ported for th first tins tbe t tal synth » of qu nine 
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Dosage oj Quinine — The standard method of the National Malana 
Committee of the United States of \ihtch Bass vvas chairman recom 
mended the following treatment Give 30 grams of quinine daily by the 
mouth m three 10 gram (065 gm) doses keep this up for at least 
3 or 4 days or until the acute symptoms have disappeared and follow 
bv to grams e\ery night for S weeks Where the infection does not 
present acute symptoms gi\e the 10 grams daily for 8 weeks 

S>mptoms of cmchomsm such as ringing m the ears fullness in the 
head deafness and dizziness arc not uncommon after such doses have 
been taken for several days or a week For children, Bass recommends 
of the adult dose lor each sear of age so that a child of 53 ears of age 
would receive of the adult dose Bejond 15 jears of age the dose is 
that of an adult 

«/ Quitiinc — The hicounatc ot qmiune (dihydrocWondel (7* per cent of 
a)lc<iloid and soluble in i part of water) or the cUorhydrosulphate {74 per cent of al^a 
lend and soluble in a parts of water) have been considered most desirable salts for injec 
tions At present partly oning to its cilcnsive use in local anaesthesia and consequent 
avaifabifity bimunate of quinine and urea has been employed for intramuscular use 
It contains 60 per cent of quinine and is soluble in an equal amount of « ater It has 
been reported to have a slightly greater tendency to produce amblyopia than other 
quinine salts and should not be used mlravenously 

The dihydroehlonde of quinine may be obtained in 5 gr tabloids especially prr 
pared for intramuscular injection or ampoules containing 9 gr of quinine dihydio 
eblonde to s cc of saline ate on the raarket One of these injections may be given 
into the buttocks daily (or 3 consecutive days at the masimum 

Muhods of Administration 

By Mouth —This is the usual method and « the one to be preferred 
m all cases where other methods of administration are not necessitated 
In the severe forms of malana vomiting or coma mav for the time 
being make intramuscular or jotravenous administration of qumine 
necessary but oral administration should be resumed in every case 
just as soon as the condition of the patient will permit When given 
intravenously the full concentration is obtained m a very few minutes 
but with other methods this is a matter o! great variation 

Intramuscular Injections — For intramuscular use a soluble salt of 
quinine as bimunate or cblorhydrosulphate is dissolved m freshly 
sterilized saline A 50 per cent solution is commonly used and from 6 to 10 
grains of quinine is injected into the gluteal muscles of one side about 
3 inches below the lUac crest If necessary the injection may be repeated 
later on the other side Intramuscular injections invariably produce 
necrosis but this may be the lesser evd and j or 2 such injections will 
usuallj kill oS the parasites to such an extent that, with the subsidence 
of symptoms oral administration may be resumed Subcutaneous 
injections are liable to be followed bv necrosis and abscess formation or 
fibrous indurations, and hence should not be used 

It should be empbssued ti»t not only abscess b« also sloughing and chrome pain 
lul Indurations have sometimes followed the wtramuscular injection of quiiune as 
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well fts tetanus For thij rrason ususoal cate must be e«rc»sed ta stenlutng the 
patient s $1iin as neU as the sulutran asd th# used m fivmg the sniectioQ 

Care must be fafcea not to inject the quuune into otv^hbothood of isis® tier « or 
bloodvessels A tecahsed necrosis e^peciaJIy of tbe muscular fibers occurs after every 
injection of qu nii e and such a cond lioa j» cspeciaHy favorable for the developraeat of 
any microorganisms and especially for the teteous bacillus For thw reason aaay 
cJimcians do not believe that enore than « or a itittnnvuscular injections should be gi\en 
and tfe drug subsequently g v*n by mouth Indeed Nocht and Mayer (im 8) aJate 
that the intra[nu»ci.lar use of quinine amotmts •fmost to snaJpractice They prefer 
intramuscular injections of ait^n whicb borrever may be dangerous (see belo v) 

Intravenous Injectioos — AU authotittes recogmre that there are 
condjtJDPS which make intravenous admmistratton of qumme a matter of 
necessitj The disadvantages oi the snbentantous and intramnscaiar 
methods have been pointed out Intravenous administration may be 
followed by alarming symptoms or even death This method finds its 
jnvU&catmtv \n tho t comatose and algid types of tnalacia where it is 
necessary to get the effect of quimoe upon the parasites m the quickest 
possible time where dela) may mean the death of the patient 

In giving quinine intravenously lo grams jt j dosets usually sufficient 
Rarely ij grams may be advisable A jo gram dose ts cettamly danger 
DUS and should not be given It is usually inadvisable to gi\ e more than 
Sograins in logram doses maabours intravenousqummeseemsta be 
entirely elimiciated within aq hours and most of it within r hours 
WTien used in cerebral malaria to grams may be given intravenously 
8 hours after the first injection if the drug cannot then be given by mouth 

Injections o! lo grams oi bimunate of quinine may be dissolved m 
10 cc ol distilled water The injections should be made slowly and at 
least i minutes spent over the operation In algtd or collapsed ca es 
Mattson Bahr suggests that salute and glucose 5 per cent mav be added 
m amounts of to i pint though he states m comatose cases this does 
not appear to be of any distinct advantage Fairley has employed with 
good results in collapse cases m the Near Cast campaigns the addition of 
to rn of adrenalin ^iooo The amount of toxin Iiberiited by the rapid 
destruction of th- parasites after intravenous injection maj be sufficient 
completel) to paralyze the cardiac roechanisni and death may rapidly 
ensue 

After intrav noul quin r< > cdi»dmb<e fait la tb« blood pressure is usually 
wcorded If destnictMn ol red Wood rorpuwles Mcun f food fwAslusioos of o to 
joo cc may be of beoefil 

tUsi ( gjj) points out that m urstnt cases of perr oous miUrta one or more intra 
enous dos« may ss e Me lie ecoiemeads the Viraonate diluted w lb at least so cc 
salt solution and that the dose should tieter ejceed to grams Creat care should be 
esercised that the solutwa inj*ct d and that the syringe and n edit used should be 
tompltlcly sterile 

Totic Effects of Quinine — Quinine etcept in rare cases ol idio- 
syncrasy IS outstandingly non to<ic m effective doses — this i> especially 
important both from the point of view of trestmesvt wnd of medvcinal 
prophjlaJis^ — and there is little tendency fur »t to accumulate tn the body 
In addition to ringing m the ears deafness the most important 
untoward manifestations of ctnchonism are the very common scarlatrnj 
lofm eczematous or urticanal rashes gastric disturbances and vertigo 
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ItQpairinent o{ vision mnybe brought about by quinine and quinine haemogtobmuna 
IS a recognized possibility Actual deafness and even amblyopia may result and 
aotaetimes prove very persistent tbongb rarely permanent In quinine amblyopia the 
pupils do not react to Ught and the optic disc is very pale thus distmgui hing the impair 
men! of vision due to the plugging of the Ktuaf vessels by the malarial parasite in 
which condition the pupils do react to light and the disc usually is a grayish red 

Qutmne /iiwyncrary— Fortunately the taVing of quinine is well borne by the 
great majority of persons but in caceplionat cases susceptible individuals may develop 
even alter doses as small as several grams (a) severe nausea Vomiting or diarrhoea 
(t) various shin eruptions usually of a scarlatiiuform or urticanal type (c) maihed 
ringing in the ears dizziness or deafness (d) impairment of vision (e) dyspnoea and 
if) malarial haemoglobiauria Dawson and Garbade bcheve an indication of this 
susceptibility may b« obtained by an eodetimc test 

For the prevention of tinnitus the addition of xo miniiris of dilute 
hvdrobiooiic acid to every lo grams of qumme has long been recommended 

Quimoe and Pregnancy — ^There is hesitancy m giving quinine to a 
pregnant n oman for if administered m large doses it mav sometimes cause 
miscarriage Hoivever unless the malana is Controlled the patient wdJ 
be apt to abort For these reasons it is advisable to give the drug in the 
minimum doses likely to be efiectm as 3 gr repeated every 4 or 8 hours 
for several days It has been emphasiaed that a pregnant woman mil 
tun more risk of miscarriage and added complications from repeated 
paroxysms of malana than from the administration of quinine Potas- 
sium bromide has been suggested to control the ecbolic influences of 
quinine Clark states that the experience at Ancon Hospital would 
indicate that quinine can be given with impunity to pregnant xiomen 
In malarial subjects quinine after pariuntion is of value not only m 
conitoUmg a fever due to malana but it ai 0 favors involutign and per 
haps aids m the healing of perineal teats 

Quinine IS excreted in the notbets mdk This excretion begin some 15 minuHs 
after the drug is ingested and continues for about an hour afterwards It does not 
impair the quality of the miih and does no barm to the child 

For the use of plasmoqume comi ound and aiebrui m pregnancy see below under 
discussion of these drugs 

Quinine taken in prophylaetic doses does not interfere with menstruation conception 
or pregnancy 

Conclusions Regarding Quunne Treatment — After some 40 years of 
observation and study of the subject, the writer believes that for the 
routine treatment of milana the principles outlined in earlier years by 
Bass Stitt and others and employed frcquentiv in the Panama Canal 
Zone ate still mo t satisfactory 

Immediatelv the diagnosis 1 made by the finding of parasites in the 
blood quinine either the dihydrochlonde or sulphate, should be admin 
istered in to or 15 gram (i gm)doscsgiven3 times daily Undoubtedly 
in the milder forms of malana common in the southern United States as 
tiell as m many everec infections the admmistratvon of 10 gram doses is 
sufficient However in tropical countnes where virulent infection is 
common and there is no idiosyncrasv to the drug the writer believes 
that it is sometimes safer to give 3 doses of 15 grams each during the first 
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3 or 4 days of the attack In certain very severe infections it may be 
advisable to give even 4 doses of iS grains each (60 grams) during the 
first 24 hours of the attack The *S gram dose 3 tunes a day should be 
continued for 4 or $ dajs then for 2 or 3 days more the amount may be 
reduced to 10 gram doses (30 grams per day) Subsequent to the decline 
of the fever the mdi\ idual should take either 15 grams or at least 10 grams 
at night for 6 to 8 weeks 

Provided that such treatment is initiated tmmeJialely at the onset 0/ 
the disease and pursued for 8 ueeks, the disease is usually cured and relapses 
may be largely avoided If however effective treatment is not intro 
duced and pursued until a later penod m the disease the question of 
relapses becomes pioblematical ^specially cases of P viwas mfection 
incompletely treated and those m which effective treatment was not 
instituted until the disease was subacute are particularly liable to relapses 
for in many such cases the parasites are already lodged m the organs and 
tissues of the body especially m the spleen and bone marrow where 
they are further protected from the effects of the drug With the effective 
doses tnentioncd above the temperature should return to normal in less 
than 6 day s and remain $0 even should the treatment be temporarily 
stopped If the temperature does not fall m such a period and remain 
normal either the drug is not actually being taken or absorbed or the 
condition is not malaria or some complication is present 

These remarks apply especially to the treatment of individuals of some 
intelligence and education Particularly valuable experience of this 
nature has been obtained by the writer m the treatment of officers who 
served in the Cuban campaigns daring the Spanish American War and 
subsequently m the Philippine Islands and later m South America 
especially in Amazonia and in West and Central Africa 

In the experimental treatment of large numbers of natives living under 
unsanitary conditions many of whom are uneducated and frequently 
exposed to reinfection and w here the actual ingestion of the drug and the 
amount swallowed is often questionable the conclusions may be entirely 
different Indeed some observers apparently have drawn their con 
elusions especiaUy from work performed largely under such conditions 
and hence think it unwise to attempt sterilization of all the parasites 
during the primary attack of malaria They accept as proved the 
hypothesis that relapses cease to occur naturally in untreated human 
beings when the defensive mechanism of the host has managed to overcome 
the fever and other symptoms which the parasites cause in non immune 
patients and believe that therefore no attempt should be made during 
the primary attack to continue treatment m the hope of preventing 
relapses If treatment during the first outbreak of symptoms is not 
successful in preventing relapses they suggest the drug treatment of 
later recrudescences should be delayed as long as possible m order to 
permit the patient to acquire some defensive pow er 

Just when and how such defensive power will accumulate m the 
individual is not explained nor is it dear Thompson suggested the 
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power of acquiring tolerance requires continued exposure of individuals 
for some x 5 > ears On the other hand it has been said that the European 
acquires onlv a partial immumtv Others have claimed that qumine is 
more efiectn e if it is withheld until the patient has passed through se% eral 
attacks of fever 

In the consideration of such hypothetical views the method of treat 
ment of malaria recommended earlier by some of the members of the 
Health Commission of the League of Nations also requires some discussion 
Thus jt was recommended that quinine be given only to control the 
symptoms of the acute attack during ^ dajs after which the drug should 
be stopped and relapses allowed to occur the acute symptoms of each 
relapse being again controlled with quinine These ideas were based 
upon the fact that repeated attacks of malaria produced by the same 
strain of parasite may result in an rmmumtv to infection with that par 
ticular strain Ii w as argued that if m the treatment of the s) mptomatic 
attach all the plasmodia ate not killed, those remaining multiply until 
they produce another symptomatic attack that some immunity is 
acquired during the quiescent period and that this being added to after 
each relapse a permanent immunity may eventually be acquired This 
method of reasoning is also to a considerable extent theoretical especially 
tci regard to when the permanent immunity will result and whether such 
a condition will actually occur in an individual case All that we know 
m this connection is that some natives who are continually exposed to 
repeated infections m nature may, after considerable periods of time 
acquire a tolerance against the disease 

As Craig (ipy?) has pointed out such a method of treatment as 
suggested would be practically impossible in many instances, and in the 
case of aestivo autumnal raaUria vsubtectian mfei.tion) in which there 
IS always the danger of the development of pernicious attacks it might 
be followed by very serious results 

General and Symptomatic TreatmeBt — During the course of the fever 
rest IS most important The patient siiouid remain m bed and be given 
only liquids Copious drinks of water or lemonade are advisable Only 
fluids, such as broths, should be given for nourishment In the inter 
missions of the benigti forms one may allow a more generous diet During 
the chill the feet should be kept warm and subsequently during the 
stage of sweating the bed clothing changed It is important that the 
patient be not allowed to become constipated and as a larative t gram 
of faJoxori in divided doses followed by effervescing phosphate of soda 
is very satisfactory 

For the nausea sips of an ice cold 'ilkalme mineral water or cracked ice 
v;ill generallv prove efiective In more refractory cases spirits of chloro 
form or even a hvpodctmic of morphine may be necessary Counter 
irritation to the epigastrium is often a help Aspinn may be gi\ en for the 
headache, although ice water compres es are generallv suflicient In algid 
Slates hot water bottles should be sidled to the body During convales 
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cence excesses in food or dnnl. ^u>uld be avoided as well as fatigue or 
exposure to wet or cold 

It has been suggested that it is advisable during the paroxysm of 
intermittent fever to wait until the rigor and the hot stage are over 
before administering quinine However m general it seems wiser to 
begin giving the quinine as soon os possible after the definite diagnosis 
of the disease has been made 

In cerebrsl culsns it bar been niggested that an attempt to obviate tbe accuraula 
tian e{ tbe paiautes ui. the htam nuy be ouide by giving tbe patient layS Ritnte to 
lohale viitb tbe idea o{ malu&g tbe parasites more accessible to i^iunine An injectioa 
ot 5 miaims of a I'looo solution of adrenalin may also be injected intravenously witb 
the idea ol btitigwg tbe pansilta into mon intmuite coafttcison ■aitb tbe ^viisont lo 
cases nitb <«Bia or convulsions u> which there may be considerable oedema of tbe 
brain and mcrease of cerebrospinal fiuid aftei the u)]ection of <]uuiine has been given 
it bat been proposed that lumbar punclute be pertonsed and the withdrawal of some 
SQCC of cerebrospinal fluid However mtbosecasesinvibicbcerebratimtstionisdue 
to multiple punctate intracerebral haemorrhages such treatment has co favorable effect 

Receally Ascoli and bis associates in Italy have recommended espe 
cially for the treatment of chronic nularia with enUrgemeitc of the spleen 
intravenous injections of adrenalin He begins with Hoo and 
gives daily increasing doses — up to Ho “the last dose 
repeated daily for jo days 

In cases of aacked maUrul spteoouKgafy it may be advisable to iBcrease tbe dose 
ptovidrd the drag IS well toWat^ tnacutecases lhtsd?e&»li9Mgivetiw>thquuim« 
Very favorable reports regardiog the reduction 10 (be sue of the spitta and as improve 
merit la the geBera) eosditioa bave been repoKed Milletana (193S) and Pizello Ooao} 
in Italy and 5 eU la Heoya have confirmed the value 0! this treatment 

In cases «f hyperpyrexia in acuu malana unmersion m a cold water bath may be 
used to advantage 

In chraaic cases nmiy pbysicianj recontmciid arsenic in the form of Fowler s sold 
tiOR or else sod am cacodylate Some preparation of iron is of coune indicated lo 
malarial anaemia 

Dover’s powder has been recomcneiided by some as of especial value in syoiptamatic 
treatmeat and it has been repeatedly said ttwc a namber of opium fiends of the tropics 
seem leas susceptible (0 malana However the water has no definite laformation on 
this question 

S*«TinEiic Dsves 

The following synlhettc drags have been widely used in diflferent 
countries 

Plismoquine* (Praequinioe) — ^Plasmoquise w a quinoline derivative 
(N-diethjlammo-isopentyl 5 »niino-6 methoxy quinoline) It is a com 
pound pwduced by SdiUlemann ^onh&fer and Wmgler (1914) and is a 
derivative of methylene blue It is toxic and should never be given m a 
dosage exceeding o 06 j gm (i gram) by mouth daily to an adult It is 
supplied in the form of tablets o oj gm and t of these tablets is to be 
taken 3 times a day by ntouttt t Toxic symptoms frequently appear 
after these doses consistingof cyanosis without dyspnoea pallor nausea 
British ‘Eqiuvflleot Famaquin 

tSuch large doses «rt <Ung»toi« 
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gastric pain headache, dizziness, dnnvsiness and haemoglobmuria The 
symptoms are the result of a true drug poisoning believ ed to be due to 
the conv ersion of haemoglobin into methaemoglobm In some cases ev en 
a methaemoglobinurea results and other symptoms of blackwater fever 
appear, or jaundice and red cell destruction 

A fatal case of plasmoqume poisoning of this nature was reported by 
Blackie 1935 Lichtenstein and de Langcn 1936, refer to ir deaths in 
which plasmoqume was the probable cause 

Formerly the drug was used in parenteral injections, both mtra 
venously and intramuscularly m i per cent solution but on account of the 
toTic manifestations sometimes produced this use is no longer recom 
mended On account of these totic effects the League of Nations Com 
mittee in its last report, advises that for therapeutic purposes the drug 
be given only in reduced doses 001-002 grams per day and some 
believe that these doses should be given for not more than 5 days Even 
m these doses it may produce gasiro mtestinal and nervous troubles 
which make Jt necessary to suspend treatment 

The action of plasmoqume on the malarial parasites is variable It 
IS relatively ineffective on the trophozoites ol Plasmodtum ttvax of tertian 
and Plasmodum falctparum of subtertian, but it has a more specific 
action against the parasite of quartan malaria It does not destroy 
sporozoites However it has a definite destructive effect upon the 
gareetocytes or sexual forms m tertian and especially in subtertian 
malaria The crescents often disappear after 4 days’ full dosage ^Vhlle 
it frequently destroys the mature "gametocytes after they have appeared 
m the blood it apparently will not prevent the formation of gametocytes 
since these have been observed to appear m the blood after plasmoqume 
has been administered for several days * Its advantage ov er quinine is 
said to be in the destruction of the gametocytes of mvlignant tertian in a 
much shorter time 

The conclusions of the experiments by Ciuca (1937) in Rumania 
confirmed the limited gamefocidal action of a daily subtoxic dose of 
0 02 gms of plasmoqume m malignant tertian infections Twenty five 
to 33 per cent of gametocyte carriers still showed the presence of these 
after the administration of 5 doses of the drug Hence it seems clear 
that no purpose is served by administering a daily subtoxic dose of 
plasmoqume m order to devitalize the gametocytes The League of 
Nations Committee points out that the devitalizing action generally 
becomes evident 2 days after the administration of the first dose Hence 
^ single dose of plasmopuine repeated if necessary on the 5th day in 
cases where the gametocy tes are still present will have the same effect 
In earlier years the successful use of plasmoqume in the treatment of 
blackwater fever was reported by Mtihlens and Fischer Memmi and 
Schulemann and Cooke and WUIoughby However owing to the 
tendency for the action of plasmoqume to produce methaemoglobm 
and to a few reports of cases of haemoglobmuria following its use most 
authors no longer recommend that it be given in this condition 

Fulton and Yorke (1943) find -P can t>« “ade plasmoqume resistant 
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Plasjnoqume Compound — It was soon observed that it was inadvis 
able to administer plasmoqume in effective doses on account of its toxKity 
and that hence the dose must be reduced Other attempts were made 
to combine it with quinine in order to improve its therapeutic properties 
and there was put on the market by Baytr flasmoqutne compound and 
later on chtnoplasmtn 

In plasmoqume compound 001 gm gr) of plasmoqume was combined with 
0 135 gm (a gr) of qumme sulphate while in the latter the amount of quinme was 
raised to e J gm (5 gr ) The usual dose of plasnioqume compound recommended has 
been 1 tablet 4 times 1 day for adults with a maumum dose of 6 tablets i tablets times 
a day for children from 6 to lo years old and 1 tablet twice a day for children under 

The idea of combining plasmoqume with quinine was with the hope that it would be 
eSectivein the treatment of lubtertianmalana as the quinine would destroy the asexual 
forms of the parasite and permit the plasmoqume to csett its action upon the gameto 
cytes However it wassoon found that satisfactory results could not be obtained with 
such a small amount of quinine and it was then recommended to give an additional a j 
grm (;gr ) tablet of qumme with each tabletsofptasmoquine compound Low pointed 
out that the need to combine qumme with plasmoqume points its own moral Plasmo 
qume eompouDd was found to give more satisfactory results than plasmoqume alone but 
the vioilt of Smton and others showed that still better results could be obtained with 
Doie quinine added As it has been definitely shown that plasmoqume compound la 
not effective m treating subtertian inabru it has recently been recommended only to 
employ it u treating ben gn tertian and quartan malana 

Manson fiahr states it is comparatively tasteless and produces few of tbe disagree 
able symptoms often associated with quinine therapy He has found that it is well 
tolerated by children as well as by pregnant wcd n Nutter reported treatment of 
4 pregnant women with plasmoqume compound without ill effects and it has also been 
le ommended m this connection especially by ^luhleDS end f ische Pron numerous 
investigations it has now been shown that there is no advantage m using 
plasmoqume alone for the treatment of tbe clinical symptoms of an acute attack of 
any form of mfection tn association with quinine or atebnn or adminitcered after one 
or the other of these drugs, it is often effective in preventing relapses of benign tertian 
and quartan except in the case of a few particular strains and also apparently of 
mabgnant tertian 

Centskow and Callender (ipjS) found a marked eduction n the relapse rate m all 
types of malana especially benign tert an among United States troops at Panama in 
those treated with plasmoqume given concurrently with or following atab me Tovell 
(December 1943) emphas res th t the chief function of plasmoqume in the treatment 
of malana is not the destruclioa of gametocyles nor the sjppresson of tbe climcal 
attack but the reduction of the iclapse ate its giealest value being m the case of 
benign tertian and quartan infect ons which are the most prone to rel pse 

For svmpU cl meal piophyUivs Ih* CommaUee of tbe League of Nations believes 
It IS very doubtful nhetber the use of pfasmoqume is of value and that it has ot bee 
proved th t better re ults can be obtained w th plasm qume than w th qu nine or with 
atebrm alone except for the purpose f r ducing the risk of nfeclion of ano| helines 
with mal gn nt terti n gametopytes 

CertunA — ^Thc discos cry of another new drug with a gatnetocy tocidal 
action resembling that of plasmoqume wus reported by Kikuth (1938) 
(tom the Ebeifeld Bayer laboiatones This drug cttluna (originally 
called cibonal ) is described as a dialkylammo otyquinolylaminobutan 
Rikuth reported that it was at least twice as effective as plasmoqume tn 
preventing the exflagellation of the microgametocytes of Ilaemoproteus 
of the rice sparrow 

Muhlens (193S) and hlissirol and M sna {1938} have reported that this drug m 

* liable dosage hasginaTledlydeitmctiveaetoBupon the gametoeyteiofP/8/ciya urn 
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anrfifso prevents tfeeetflag«i(4tioa<rftfieBuUpsrMi(e ^JuUeni fcowever liinugbut 
as toxic as plasinociuine SioJi (ipjS) in induct uifecUonsofi’ ittai found that Urge 
doses act Upon both the fever and the parasites Hou ever it did not produce a cure of 
these rn/fCDons for even after large doses (005 10 007 gm thnce datiy given loe r 
days) the patients relapsed cliniealiy and pamiticaffy in j to 4 weeks after the cessation 
of irestment 

Ail these workers and m addition Smton Hutton and Shnte (1938) found the drag 
«as well tolerated by human patients and no unfavorable symptoms developed even 
when doses as great as 007 gm 3 tunes a day were giieo Smton Hutton and Shute 
found that eves m doses as great as o 18 gm dady for 7 days it appeared to be well 
tolerated by £ boaiaa patients upon which it was used 


The action of certuna from the few reports mentioned, appeared to 
be closely allied to that of plasmoqume, and Sinton, Hutton and Shute 
(1938) reported that tt was much Jess tone They therefore hoped that 
it might be efficient as a true causal prophylactic However even m 
doses as great as o 06 gm ihnce daily for 7 days commencing the daj 
before infection this drug produced no true causative prophylactic action 
against the dosage of sporoaottes of the strain of P /alcifiarum which was 
used vn their expeiimetiis both fevet and parasites appearing in the Wood 
of all the patients 

Atebnn di hydrochloride •— Cbmaerm dibydrocblonde— The dih> 
drochloride of j cbloro 7 methoxy 9 (i mejhyl 4 djfib>J anuno) butyl 
ammo acridine — ^Thia synthetic compound was first prepared by Meitzsch 
and Mauss (1930) at Elberfeld and was formerly known as ‘ enos 
It » a yellow crystalline substance which dissoh es in water at 4o*C m 
a 7 per cent solution 

Kikuth fi«t reported that this drug exercised a definite action upon 
the schievftts cl all knevn species of malaria Its action was first studied 
upon the malarial parasites m tbe canary It was found that in contrast 
to plasmoqume jt exercised no comparable action upon the gametocytes 
and especially not upon the crescent stage of the subtertian parasite 

It IS supplied in tablets which contain o 10 gm grams) The 
aduU dose is one tablet 3 times daily, and it is advised that it should be 
given on a full stomach This fact is emphasized, since if tbe stomach is 
empty it frequently causes acute gastric pain As the drug was regarded 
at first as relatively non toxic, some clinicians have recommended a dose 
of 6 tablets fo 60 gm ) daily for a few days It was formerly considered 
that a s day course of treatment (i 30 gm ) was sufficient to cure an 
average case of subterlian maUna and this is the procedure still generally 

recommended 


However Mensoa Babr (1938) believes Urtt a looger period is necessary as 7-10 
days M a primary course He ttmksitisiiMiehssfer to repeat this courseof treatment 
after an interval of r week la order to penmt the excretion of the drug from the body 
The tablets should be swallowed whole with a dnnk of milk or water as the taste when 
chewed IS intensely bitter For cJuldreo the teblets (o 03 gm ) may be concealed in a 
raisin or crushed aod suspended in honey n syrup There is not entire unanimity 
«vardinB the most advaotageous dose for ehildren but the mthrop Chemical Com 

MOV figw) recommends the dose forcbiW/eo of 1-4 years oo^gm {« pain) twice 

for^l days or once daily for 8 day* ChiWrea of 4-8 years e i gm grains) 
• The British Equi atent for Alebna IfjafrncWonde a 3 /epacnme 
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twice diily for 5 days or once daily ior 3 days Culdren over 8 yean dosage liVt that 
of adults The drug is usually tiell tolerated by chddren but there have been other 
reports of imniediate intolerance of the drug by young children as regurgitation and 
vomiting The League of Nations Commission states that relatively larger doses of 
atebnn are required for successful treatment during infancy and it has often been the 
custom to administer adult doses to childKn over to or la years of age la this case 
however effective doses of the drug are already slightly toxic 

Hecht has reported that after the drug is ingested by the mouth it is absorbed in 
the duodenum and carried to the liver where it is excreted with the bile back into the 
duodenum to pass once more into th liver with the portal blood lie believes that 
little atebnn reaches the general circulation until the b er has been saturated since 
none appears in the unne until the drug has been taken lor several days The diet 
taken by the patient when he is given atebnn uofsome importacce since as Peter has 
shown food containing large quantities of cellulose is apt to absorb it 

Tortcily — The disagreeable features reported from the use of the 
drug m therapeutic doses have been especially epigastric pains a feeling 
of excitement and light headedntss and yellow staining of the skin and 
urine The lemon yellow color of the skin which usually does not appear 
before the third day after the first administration of the drug is not 
regarded as a toxic symptom and is due to the deposition of the drug in 
the skin It 13 an evidence of the slow excretion of the drug and it has 
been observed that it is sometimes increased if there is constipation or other 
mtercurrent infections This pigmentation obviously must not be con 
fused with icterus pernicious anaemia acholuric yaundtce or carotmaemia 

Hecht DeLangen and Storm have found from experiments on animals 
that atebnn gnen tn large doses produced gastro intestinal and cerebral 
irritation and when adminutered intravenously it caused a lowering of 
the blood pressure and bad a direct toxic action on the vasomotor centers 
Delirium from atebnn has been particularly noted after injections of the 
drug 

Some observers have found it to set ss scerebrxl evciuet even when given by mouth 
a d this action has been especially repotted in native ritrs m the Far East partirularly 
in Asia In England amongst Europeans such phenomena have rarelv been observed 
Some of the patients have exhbited mild or transient psychoses while others have 
become maniacal 

Bnerchffe who employed the drug especially during the great epidemic of malaria 
in Ceylon described nervous and mental symptoms which sometimes caused anxiety 
The league of r«atloos Commission reports that this has been especially the case when 
treatment was prolonged and when the doses were large or excessive and m those in 
which atebnn musonate (methyl sulphonate) was given by injection and followed 
by the oral use of atebnn However BnetchSe (ipj}) emphasiaes that when atebn 
was administered by mouth in Ceylon oy> gio was given daily f r 5 days and 
the mental symptoms when they developed appeared towardstheend of or shortly after 
completion of this course of treatment Vlben intramuscular injections were gi cn 
only two (eachofoojgm were employed) the second aa bours after the first and 
the injecti ns were not followed by a course of ntehnn by mouth In some patients 
the mental symptoms followed soon after the first injection but u ually th y occurred 
dun g the 14 hours following the second uijecti Hence m the Ceylon cases the 
treatment was not unduly prolonged and the doses were not exc ssive nor were the 
injections followed by oral use of the drug 

Ciuca (ipjSJwho has used the dnigenensively hasfoundsecondary d sturbances in 
adults very rare but he emphasiaes the uitoleiwnct of children lo the drug 
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American negroes seem less susceptible to the toxic action of the drug 
as Winchester (tgjS) has emplojed it during the past j jears in Georgia 
and reports no untow ard reactions ot toxic $> mptoms among them How 
ever, these studies refer to an experiment m field prophylaxis and the 
individuals were not under observation in the hospital Clark has 
also used the drug for 8 vears in prophylaxis in natives m Panama ( ee 
Ptophylatia) 

Niven and Hodgkin {1036) treated 218 cases prophjJacticaJIy mth 
alebnn for varying periods up to a year — 040 gm of alebrin was 
given weekly m doses ot o 20 gm orj successive days There were 
4 deaths in the atebrin senes On two of these autopsies were hefd and 
there was found extreme fatly degeneration of the liver They did not 
conclude that the degeneration was due to the eilecjs of the drug as 
this was not clear but that one must accept the possibility that for 
occasional individuals atebrin administered 0 er long periods may act as a 
(iver poison Fernando and Wijerama (r^ys) reported the case of a 
young man who died apparentU from atebrin poisoning 2 months after 
haring receved 2 intramu cuJar injections All the tissues were yellow 
and atebrin was detected m the pericardial and pleural fluid 

fJininalion cf Alebrtn — Tbe drug iv eicreted in Ibe urine end » also pitse 1 m Che 
faeces ExpetimeDial studies have shown that while a large amount is excreted !a the 
urine s coesideiaUe propoiUon o( it is assimilated and retained m the body fur lorg 
periods Continued excretion of the drug for as bog as e months after Che last dose has 
been recorded A smaller portion of it after being retained temporsrJy ui the organ 
»m tsehmmatediR cheformofdisntegrstionproductsof ibeorisinal molecule Mheo 
present in Urge amounts the unoe itself hat a bright yellow color 

Tboonard Neumann aod l^dous found that atebrin is eliimoated within 36 days of 
the tag'liion of the la t dose Field Nivco and Uodglun (193SI investigated to what 
extent when given in frequent small doses the drug is cumulaiive '^ey cohected 
samples of urine weeLiy from approximatefy o individuals who had received o <0 gm 
of «tebtm weekly for i year and examined by ultraviolet light for the preserce of 
alebnn after the preliminary extraction of the drug with arayl alcohol Only in a few 
instances was atebrin detected m the urine by this method more than 4 weeJls after Che 
cessation of its praphylactic admio stration It is of interest to note that beginning 
about this time the e was a rapid return of foec m the cases in the atebrin group 
which coereisionded to the time when (beexcretionof the drug had fallen Co a fowleiel 
However Kebar I1033) found tracesolcbmuiationUiTOUgh the urine for a longer period 
up to the 6jlh day alter tbe final dose Ue also bowed that fcom so to 70 per cent of 
the total quantity of atebrin was excreted in lb uruie Xt may be detected in the unne 
by rendering it slightly alkahie extracting with elber desieatino and treating the 
residue with concentrated sulphuric acid When the drug is present a yellow color is 
obtained and a distinct fluoreicence la smble 

CJimcal proof of the absorption and partial accumulation of atebrin 
jn the organism is afforded by the permeation of the histiocytes of the 
dermis as revealed by the stajmng of the skm Foy Kondi and Peristeris 
consider that part of the atebrin assimilated is iccutnulated in the cells 
of the liter and pfeca Analyses by fluorescence appeared to be con 
elusive m this respect and the quantity retained depended to some extent 
on the intervals at which the drug was administered Large doses were 
eliminated more slowly after being more or less temporarily accumulated 

For thedeU Isof the netbod ofdetwiiKiatioiiiiibt od id utme see Simrnms 4 

rentikow JiJethodj of the U S> Army pige «35 m-H 
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in the liver spleen and the reltculo endothelial s>stein in toto It 
therefore IS e\ ident that unlike quinine atebrin is eliminated very sloi\l> 
/«/ra.;eno«j and Intrantuscular Injections — The soluble preparation 
alebnn musonate for injection was dispensed in ampules each containing 
0 12$ gm dissolved m 3 cc of rvater One such ampule was recom 
mended for intravenous and a or 3 for intramuscular injections Atebrin 
musonate o 125 gm corresponds to o i gm of the powdered dihydro 
chloride The Winthrop Chemical Company of New York also issues 
ampules containing 0 2 gm and ampules of 10 cc sterile distilled water 
Injections up to o 2 gm have been given m cerebral malaria in some 
instances without noticeable tone effects However in other cases very 
grave symptoms have followed the use of thi drug 

In tome instances the mjccUons have been foUoned by epileptiiorm fits Field 
sad Niven observed a esses m which convulsions of sn epileptiiorm type occurred soon 
sfter the second intramuscuUr iniectton Bardy (193$) treated so cases in the Singa 
pore Hospital w ith a iniections o( o jrs pni of atebnn musonate One patient bad a 
eerehtsl stuck which msy have been caused by the and a second with cardiac 
lesions died is bours after the first iniection Van Ileukelom and Overbeek (1936) 
have also reported epileptic fits in a ca es treated by atebrm injections which proved 
(aul However in a post mortem eumn non organic cerebral les ons were found in 
both cases 

There had been no reports of any large number of serious eases of poisoning after 
atebrm treatenenl until the eitensive use of tbe drug in the Ceylon epidemic when the 
Btitish Government pucehssed atebrin to the value of some i 00 eoo Brierchffe 
(193]) m his report upon the epidemic sutes that probably m rather more than one 
half per cent of tbe hospital patients treated with atebrin musonate death has been 
sttnbuted to the drug Small children were found especially liable to develop sudden 
collapse or convulsions after tbeinjecuon Four of tbe deaths recorded were attributed 
to the drug and of these 4 cases 3 were children 

In view of these facts many observers do not recommend injections 
of this preparation It is considered inadvisable that atebnn should be 
made available to an ignorant pubbe and it is believed it should only be 
administered under medical supervision 

^lanson Bahr has found that mtramuscular injections of atebrin 
musonate may provoke abscess formation 

In regard to the results of treatment with atebrm (by mouth) the 
research department of the VVintbrop Chemical Company on the basis of 
reports concerning some seven hundred patients with malaria m different 
parts of the world who were treated with drug has issued a statement 
summarizing the results These seem to be consistent in showing that 
atebrin affects all forms of the 3 common species of plasmodia found in 
malaria with the important exception of the gametocytes of the aestivo 
autumnal form A further nception must be made in the case of all 
sporozoites 

As regards destruction of sporozoites there is no ev idence that atebnn 
IS of much more value than is qumine or plasmoquine though in some 
instances it is reported that the drug may postpone clmical evidence of 
the disease tor as long as 8 months 
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The Jlalaria Commission of the League of Nations {1937) m its con 
elusions regarding atebnn slates that 

the action of atebnn on the gametocytes » of a similar nature to that of quinine 
It has no effect (tom the point of vieis ©f devitahzation on the garoetocytes of P {ak* 
pariim but the action on gametocytea already present in the blood is perhaps shghtly 
mote matted than that of quinine paibcutaity in relation to the gametocytes of P 
TiTox and P malarta The trophozoites of P /afc</iirii»t are said to disappear In the 
peripheral blood after the fourth dose of atebnn to 90 per cent of the ca^ For the 
trophozoites of P vtvax and P nw itrtae the drug » thsught to have a slightly bw e 
rapid action than quinine Ilonevw tbeComnussionnoted that the difference between 
the strains of pira ites preiented the drawing of uniform conclusions They thought 
the action of atebnn on relapses is slightly more effective than that of quinine The 
pleen rate in communities treated with atebnn seems to decrease somewhat mote 
dowly than in communities treated with quinine but the effects of the drug appears to 
continue to be felt for a longer tune 

Regarding the action of atebnn on the general condition of patients 
the Commission reports this seems to be determined by factors which are 
stiH not entirely known The jel'ow discoloration of the skin is a dis 
advantage especially during prolonged treatment Bastianelli (1937) 
found that the yellow color of the skin usually disappeared 20 da\s after 
the treatment was stopped but in a few cases it persisted for a month 
In ordiriaty cases ot jP »i ojc infection the Comraissioti states it is 
almost immaterial whether quinine or atebnn be used for treatment 
For mass treatment where little or no medical supervision ii. possible the 
cinchona alkaloids are the most suitable ^^edlcat supervision is neces 
sar> 1! atebnn be used The administration of quinine preparations and 
especially of sjnthetu. drugs by the parenteral route should only be 
resorted to m special circumstances or cases 

In regard to the conclusions of this Commission that the action of 
atebnn on relapses is slightly more effective than that of quinine 
espcciallv iti the case 0/ benign tertian and 0/ certain strains 0/ mahgRSftt 
tertian there is some difference of opinion Thus Christophers (1937), 
m commenting on this conclusion points out that the small differences 
between recorded results with qumttie and atebnn often under different 
conditions would seem to be very diBicult to evaluate 

Gentakow and Callender (1938) in the treatment of 1606 cases of 
maJana m the United States Anny in Panama with atebrui plasmoquine 
and quinine found that atebnn alone failed to prevent recurrences to a 
greater extent than anv other type of treatment Quinine m large and 
long continued doses was found to have somewhat greater relapse pre 
ventmg properJiea than atebnn m vitar zaahnj and OTO/ledJ/ greater 
ones in Jalcipartm malaria However plasmoquine given concurrently 
with or following atebnn had a very defimte and pronounced effect upon 
the relapse rate upon all types of malaria 

Pittaluga (1957) It* Spam has also found that the value of atebnn 
m the prevention of relapses is not so great as was previously reported 
He treated 34 cases of infection with P faktparum the usual doses being 
o 30 to Q 40 grm daily for 10 days The relapse rate was 26 per cent 
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The Council on Pharmacy and Chemistry ot the Amencan Medical 
Association (1940) reports in regard to the use of atebnn that the spleen 
of chronic malaria is not affected by it but the acute enlarged spleen 
yields though more slowly than to quimne Its relative anti malarial 
value compared to that of quinine is much debated It is claimed to 
act more rapidly and to require a shorter period of treatment Its 
prophylactic value appears to be about equal with that of qumme The 
intravenous injection 13 dangerous 

Other Drugs — In earher years methylene Uue was considered by some as being 
the most valuable drug ne t to quinine the form of methylene blue recommended for 
use being labeled medicinal The drug was sometimes given m capsules of o 10 grm 
toojogrm (gr i^togr 3) 3 or 4 tunes a day Larger doses sometimes cause irrita 
Cion of the kidneys The drug dyes the urme and faeces bluish and the patient may 
even have blue sweat Its use has been largely discontmued 

The arsenical compound stovarsol and he^loe salvarsan neosalvarsan and tartar 
emttie were formerly suggested for the treatment of malaria None of them have 
proved to be of any special value and are not any mote recommended for the treatment 
of acute eases of malana 

The arsphenaminei accocdmg to some reports may relieve the sy mp 
toms 0! tertian malaria temporarily but relapses are common Kecently 
mapharsen a tnvalent arsenic compound formed by the oxidation of any 
of the arsphenamines was enthusiastically recommended for the treatment 
of tertian malaria 

However \oung and hfcLendon (1940) have treated with mapharsen 10 negm 
paretics who had been infected for thetapeuuc purposes with quartan malana Each 
patient received 004 gm of chedrngintravenously for apenodof jo weeks Twenty 
two weeks after the completion of the treatment blood smears from all o patients still 
showed parasites In their e perience while mapharsen did not eradicate the parasites 
in a single case it ne ertheless ret eved the symptom They hence point out that the 
use of the drug may be dangerous in that it might inadvertently result m malana car 
nets being released from instituuons before being cured of the infection 

Sulfanilamide (paranudo benzine sulfonamide) has been recommended 
for the treatment of malaria Van den Wielen (1937) in the Netherlands 
first reported its successful ose in the treatment of z cases of quartan 
fever De Leon also reported successful results m the treatment of 14 
cases of P trrax infection 

Hill and Goodwin (1937) in Georgs employed anothe form of sulfanilamide 
(prontosill m 7 cases of aestivo autnmnal malana The pronto il was given intra 
muscul rlymdosesof locc every la hours for 4 (ra ely more) injections Theyreport 
the drug was successful in every case 

Chopra and Das Gupta ( 938) reported the successful treatment of one case of 
malana in a monkey and Gardner and De ter (t938} the cure of one case of quartan 
matana which bad been contracted tbrou^ transfus on of infected blood 

Coggeshalt (193S) has also found that snUaiiilaimde acts as a stenbamg agent 
agamslf' tnouf riinfectionsmthesusmonlieys a single t o gram dose given by mouth 
being sufficient On the other hand this same drug was found to be without effect in 
the treatment of 30 human cases of F rtrox malana 

Niven (1938) has treated 80 cases of acute malaria with a preparation 
of sulfanilamide prontosil album (Bayer) 3 grams were given daily in 



i doses At the same time m another senes of cases quinine was given 
inadosageof egramsper roolbs bod> neightof quinine b[h>drochloride 
Each of these drugs was given for 7 days The comparative efficiency 
of the 2 drugs was judged by two criteria disappearance of fever and the 
absence of a«exual parasites from the peripheral blood In the complete 
study 80 cases of acute malana were treated with protonsil as compared 
with 68 cases treated with quitune bihvdtochlotide It was found that 
while no tone effects were noted prontosil is not as efficient as quinine m 
P /flfciporiim malaria and is stiUless effective mP ti aiandP wafanae 
malana 

This drug was also found to be loefBcient as a gametocide Mosquitoes 
were fed on patients with crescents in their blood who had been given 
prontosil for 7 dajsand tb^mo qmtoes became rcadilj infected Niven 
concludes that while prontosil has some lethal action on malarial parasites 
especiallv P falciparum it has no place in the practical treatment of 
malaria owing to its Ion efficienc) and pt«sible toricity and relatively 
high cost 

Fagei Palmer and Sherwood (tqjS) also found sulfanilamide mef 
fectivc and attended by certain dangers in the treatment of 4 cases of 
malaria Reid (1940) pomtsout that the use of sulfanilamide compounds 
in human malaria cannot be recommended until much further carefully 
controlled experimental evidence 1$ available in regard to human malanal * 
phsmodia 

Summary Ptgardtni Vit of Dtugt tn Ifolarta — From what has 
been said it is obvious that the physician has 3 and sometimes j 
problems regarding the use of drugs m connection with the cute and 
prevention of malaria First, the treatment of the patient and the 
cure of the disease b) destruction of the a ctual parasites Second 
the prevention of individual infection Third the destruction of the 
sexual forma m the body and the prevention of the spread of the disease 
to others 


Ib the treatment of malana ao other dnij has been shown to be more salvstictory 
than quinise lo pite of a number of unfavorable sUtemenls that have been made 
regarding the value of the drug w the past lew years and the di cussioc by some of the 
comparatively greater value of newer synthetic compounds the physician may feel 
with confidence that by the ueatment of acute malana at the anstt of Ike disease with 
9Umme bis patient will be cured if the drug is given in sufficient do^es and for a suffici pt 
length of time 

Many clinicians with long experience m the treatment of Caucasian patients in the 
tropics will not agree with the statement that the ConiTowaion considers that curative 
dos s of (juiDine or ol aUbrin loi MeaVifctxiV ut an aUatk shunld not b tontinued 
lunger than 7 days and that tieatmeot for s days will often suffice V, hile such advice 
in r«arl to stebnn would seem lo be aRptoptiaie on account of the cumulative action 
of the drug and its di agreeable features certainly many ca cs of malaria wall be incom 
pJetely treated aid rehpses more baWe to occur if quinine is administered for only 
r davs If one ertirely tops the quinine after 7 days and mternipW gmng it (even 
small doses) for longer than a few days one runs the risk of the parasites invading other 
ceUs than the red corpuscles as the endothelial cells where the parasites are apparently 
more protected from the action of quiDUie It is in such cases that relapses especially 
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Bass {1937) who has had a most extensive experience with quinine 
therap) in malaria emphasizes that the parasites that remain after the 
acute symptoms have disappeared are lodged in the organs and tissues 
of the body especially in the spleen and bone marrow As they develop 
and reproduce they appear in the blood stream In order to destroy all 
of these there must be sufficient quinine in the blood at all times to kill 
them as soon as they enter the arculation Ten grains a day is about 
the minimum quantity that will accomplish this and if this dose is taken 
daily destruction of all the parasites is only a matter of time The neces 
sary duration of treatment however vanes in different individuals 
The administration of 10 grains of quinine daily for a week prevents 
relapses m only a few instances Quinine therapy must continue for 
6 weeks to cure 80 per cent or 8 weeks to cure 90-95 per cent and prob 
ably from 12 to 15 weeks to assure cure in 100 per cent of the patients 
There is no means of determining whether a brief or a long treatment is 
necessary m any given case or when the cure is complete 

It IS especially m patients that are not treated early and given quinine 
for a suffictettlly long penod that relapses occur However cured cases 
are not usually immune and may suffer reinfection at any time • 

As regards the occurrence of relapses the League Commission found 
there was no appreciable difference between quinine and acriquine 
(atebnn) 

The problems regarding prevention of infection and destruction of the 
Micual forms are discussed at length under chemoprophylaxis (See 
P » 7 ) 

Recent publiations from the armed $«rvi e$ on the treatment of clinical maUns 
are in general agreemeot The following is abstracted from Circular Letter t 53 
OfHec of The Surgeon Genera! tt sbingion D C 19 August 94s 

1 L ncanfil c I J m la/ (fia/ r<i6fr/»rrOin«rufmrdies{i n) Tbeaethodofcboice 
le to use aubtine alone ReUtively brge initial doses are preferred in order that 
ell ical response may be prompt These larger d ses ate then followed by im II r 
mai tenance dosn 

Ul Rccimmended disage At bnoe bydrocblonde o 1 gm grs ) and sodium 
bicarbonate 1 graai (15 grams) by moutb with eo to 300 cc of natcr (or an 
e<iual amount of suecCened tea oe (nut ju c ) every six hours for five doses 
followedbyo gm ( tj grains) three times a day after meals f rsi d ysftotal 
2 8 grams in se en d ys) 

(M If atabnne IS not available use quinine alone a follows quinine sulfate gram 
(is grains) by mouth three times a day after meals f r tno d ys f II ned by 
o 6 gram (10 gr 1 $) three tunes a day after meals (or 6v days (total 16 grams 
in seven days) 

(c) Ptasmoch n m y be gi en in conn ction nith either of the b> e tr alments 
honever its routine u e is not advised If pi mochin is given the patient 
must be hospitalired and closely observed The d sage gi en bel w should 
nit be etceeded Pla moebm may be gi e mmed ately foil ning atabnne 
( t nith It) or along with quinine n the last days of treatment with tb t drug 
The course c n ists of plasm cbin 001 gram (!« gr n) by mouth thre times a 
day after meals for four dtys e pt for the debililat d patient nh sh uid 
receive only two do esad y Tachd se fplasmochin $h uId be accompanied 
Rodger (The La cet jjy \p I 1944) in a five >e su vev of 16 9 ca es of 

malaria in Northern Rhodesi founl 7" of nieeltd persons suffered no second 

attach and of the tema m g ay y*" « large proporti o was shon n to be p bable rein 
(ettj ns and not rel pses It 1 suggested that malaria can be a n n relapsing d ease 
Ptov ( IS ( eated at once and treatment iscompletely supervised Oumine was the 
1 Of the S be gn t t n fecltons, i relapsed once Only five pet 
le malanv o( anv type 
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by at least i gram (ij gmna) of sodwm faicarbonatt The fluid and sugar 
inuKe should be liberal during and for some days after the course Discon/inae 
p' tfr chm at ^>nee tj 9Hy lasK simptams apfitr 

7 Sevcr€ malatta or niof ina eam^icolrd 6y MiniitRg toma or other s nous disorders 
In these cases and vshenever a (aticnl cannot retain or fads to re pond to ora\ medics 
ton atabnne or quinine should be given parenUratly by one of the methods described 
beloiv 

Hecomraended parenteral methods are as foUons 


(а) \tibrme dihydrochloride o» gram tj grains) in 5 cc sterde distilled nater 
injected ndrumiiicufarfy 'aith the usual precautions into each buttoeV (total 
o 4 gram or 6 grains) If necessary one or two additional doses of o r gram 
(5 grains) may be given intramuscularly at inters als of is to eight hours 
\s soon as the patient can uhe and retain oral medication ainbrinc shout 1 be 
giien by mouth in suchdsses as to give a total by both routes together of i 0 
gram in forty eight hours followed by o i gram three times a day after meals 
for five days (total a 5 grains m> seven days) 

(б) Quinine dihydtochloride o 6 gram (10 grams) in sterile physi''logical saline 
300 to 400 cc (minimum aoocc) injected •B/rati»OK ly with the usual precau 
tions especially oMidiiig fd If necessary there should be no hesitation to 
cut down to the vein This treatment mav be repeated m sis to eight hours 
if the siiuatv m demands n When the patient can take and retain oral medi 
cation give a complete course of atabnne (preferable) or quinine bv mouth as 
described for uncomplicated cases 

(In coma the intravenous administration of quinine is preferable m the light 
of pre enc knowledge but it is posstbl that the intramuscular injection of 
atabnne is equallj effecciie ) 


3 CfiRtraf /VepAiioiit (^uppirmw irtaimenfU t«) Hie recommended method is 
(0 giveo i gram of acabrine <1*2 grams le one tablet) once daily at the evening meat 
sit days each week dotal 0 6 gram per week) 

An alternative method of suppressive atabnne admimsiration whicli has been 
satisfaetorv in some areas istogiveoojgramofstabnQel^^gram le one half tablet) 
once daiU at the evening meal six days each week and a dose of 0 i gram (i grams 
i e one tablet) at the evening meal on the seventh day (total ol 04 gram per seek) 

6 Quinine It no atabnne is available give quinine sulphate 0 fisgram (10 grams) 
after the evening meal each day while need for emergency suppresuve treatment exists 
(See note below ) Then discontinue observeforlndicationsof malana andifrequued 
give curative treatment as above (par s) 

Aflfe— There is no drug which in safe doses will prevent mosquito borne infection 
withtnalaria However quinine and atabrme m small doses are useful in suppressing 
the appearance of clinical synptoias alter Mifeclion They arealmosl equally eDective 
Such suppressive treatment will enable malana infected troops to maneuver and fight 
actively in Spite of an infection which otherwise would incapacitate theta When these 
troops stop taking suppressive treatment many of them may develop ehmcal malaria 
and require therapeutic treatment It may be wise to stagger the terminal point of 
prophylactic medication sn that hospital fan ities are not overtaxed when a large force 
returns from a hyperendemi area 

C nserufiorf ^ hautstloa «l liee tapf} el ejui.nne !f so groat ib^t 

the use of the drug must be restneted ns directed in S O O Circular I etier No 179 
I Dec 194J Quimne should never be used for suppressive treatment eecept in 
emergencies when atabnne is not available and et epimnally for if e very few indi 
vidual "ho cannot tolerate atabnne 

hen quinine is available in abundance the writer believes the suggestions gn en 

onpp 114-115 should be considered 


The methods of successful prophylaxis against malana vary greatly 
m 6iSi rent regions and depend particularly t^on the ecolo itions 

present and the value and mtelligence of the inhabit 
preparing a public health caropai rii f 
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region with the present state of our knowledge it is often advisable that 
efforts should first be especially directed to reduce the incidence and 
seventy of the maladj for cxpenence has taught us that in many 
communities with the means obtainable the complete eradication of the 
disease is often impracticable While m many regions much of the 
reduction in the incidence and seventy of malaria has been due to anti 
mosquito measures in others the general distribution of qumine and 
the unpro'v ement in the condition welfare and housing of the inhabitants 
have plajed an almost equally important role 

In regard to any badly infected distnet a preliminary survey should 
be made which wiU include microscopical examination of the blood and 
determination of the spleen rate of the inhabitants especially of children 
It IS advisable that such cTammations should subsequently be made at 
monthly intervals throughout the year A second important measure 
for such a community is to arrange for the treatment by quinine of all 
those found infected In certain rural districts the free distribution of 
quinine has been almost the only important anti malarial measure that 
It was practicable to conduct It is advisable to establish an organization 
that will be prepared not only to diagnose and treat promptly with 
quinine all those cases with febrile or other symptoms of malaria but also 
to carry out blood examinations at regular intervals of the entire inhabi 
tants with prompt treatment of all found infected Early diagnosis 
and efficient treatment of all found infected may not only play a most 
important part in the reduction of the severity of the disease but when 
efficiently and completely earned out exercise considerable inffueiice in 
lowering its incidence 

Among the indirect methods of reducing the prevalence of malaria 
great importance should be attached to measures which aim at the 
improvement of the economic and social condition of the people their 
general well being and standard of living The beneficial effects 0/ such 
measures have especially been illustrated during the past few years in 
Italy where incertainlocalUiesformcrlyseverely malarial the inhabitants 
have been provided with better dwellings and their standard of living 
much improved Through such measures and the additional opportuni 
ties provided for the distribution of quinine the malaria rate has been 
very greatly reduced 

Education regarding the dangers of malana and the method of mfec 
tion also has been of considerable importance in this respect Russell 
(1941) in an important article has discussed some 0! the social obstacles to 
malana control However the basis ol permanent prophylaxis against 
malana m a given region must depend particularly upon the destruction of 
the mosquito and especially of that particular species of mosquito which 
serves for the propagation of the disease in the region concerned for it is 
now recognized that the spread of malana in nature is pnnapally governed 
by two well known characteristics of AnopheUi mosquitoes 
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In the first place every species in spite of tendencies to spread into 
unusual breeding places is restncted m its multiplication and distribution 
particularly by an adaptation to certain types of surface water in which 
alone It can breed in effective numbers and secondly of the species which 
may be considered potential vectors the great majority are rendered 
comparatively harmless in nature because their biting habits do not bring 
them into frequent and especially repeated contact with man 

In many regions malaria is the farmer s worst enemy and rural agri 
cultural populations usually have little money to spend on its control 
However by encouragement and education even the poorest and most 
Ignorant peasant can often be stimulated to work, to protect himself and 
his family as well as his associates from devastating disease Under 
such circumstances any attempt to control malaria must be based 
on prmciples of simpliaty and economy and as Hackett (1938) has 
emphasized naturalistic measures oficr almost the only hope of practical 
economy 

Anti malanal Measures — ^Tbree important methods m the prevention 
of malaria all of which may be combined as was the case m the earlier 
campaigns against the disease m the Canal Zone region of Panama are 
Cl) Destruction of anophehne mosquitoes and their breeding places (a) 
protection of the individual from the bites of mosquitoes and (3) quinine 
prophylaxis In some instances it may be advisable and simpler to carry 
on the mosquito warfare without regard to the question of the species of 
mosquitoes destroyed In general terms the malanal mosquito breeds in 
the suburbs of towns or m districts more distinctly rural while the trans 
nutter of the more dreaded yellow fever prefers breeding places in the 
immediate vicimty of aty houses Bentley noted that with improve 
ment in agricultural methods and utilisation of marshy lands malaria 
tends to disappear due almost as much to the physical improvement and 
thereby greater resistance of the people as to the destruction of mosquitoes 
by the draimng of the swamps The resulting greater prosperity makes 
better food and shelter from mosquitoes obtainable 

I Destruction of Mosquitoes — Such measures should be directed 
toward both the larva and the fully developed insect 

Measures against larvae When practicable permanent measures 
should be preferred to temporary ones and when agricultural development 
goes along with drainage or swamps the cost is often repaid The doing 
away with mosquito breeding places may be accomplished by filling 
m pools or by making ditches with smooth sloping sides to carry away 
the water These ditches require a great deal of attention to prevent 
their filling up with tropical vegetation and thereby adding to breeding 
places Subsoil drainage with tiled drains is better Care should be exer 
cised that public works operations do not raise the level of the subsoil 
water since in malarial or potentially malarial districts this may be most 
dangerous 
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^nophelines tend to breed jn sluggishly moving streams or m stagnant 
pools especiall> where there is a luTunant growth of w eeds or grass and 
are not apt to be found in rapidl> flowing streams hence the necessity for 
constant care of ditches and the lite to prevent their becoming obstructed 
by vegetation or silt 

Lariiicidcs —When filling m or drainage i> not practicable the method 
of oihng the surface of the pool with crude petroleum is often of value 
It has been recommended that pmt for ever> loo square feet of 
surface be used and repeated every 2 weeks In the Panama Canal 
Zone a preparation called larviade was especially empIo>ed It is a 
mixture of phenol turpentine and sodium hydrate which is both cheap 
and rapid in action hlajne and Jacison recommend creosol as the 
best larvicide In i to i 000 000 parts it is an effective larvicide and 
even m 1 to i 000000 000 it is destructive to young larvae 

mds are apt to blow awa> the surface coating of oil and it is difficult 
to oil the surface of a pool filled with grass Wise recommends crude 
carbolic acid using i ounce to 16 cubic feet of water In using any oilj 
laiMCide it IS well to introduce it along the banks of water collections 
with a long spout can and mix it thoroughly with a stiff reed broom 
Murray (1936) has made an exhaustive study of the mmeral oils 
as a mosquito larvicide His findings indicate that if oil penetrates the 
tracheae the larvae fail to mature even if the vapor from the oil is not 
necessanl> fatal Anophehne pupae were found very susceptible to oil 
In selecting the oil it is desirable to secure one that rapidly penetrates 
the tracheae of the larvae (one of medium boiling range not involatile 
enough to be markedly viscous and not volatile enough to irritate the 
larvae and cause their trachae to collapse and thereb> prevent penetra 
tion of the oil) 

^afs> (193d) has found an acid oil sludge from the distillation of 
crude oil to be an efficacious larviade in the extensive work m Egjpt 
In Panama partial drainage together with periodic use of crude oil on 
bodies of water has been m progress for some 20 years IVhile it has 
bad limited success in control it has not eradicated infection In 
Alameda County California the spreading of semi refined fuel oil by air 
plane all over mosquito breeding areas has been reported to be ver> 
successful and that it has not had the disadvantage of killmg fish and 
vegetation which results from the use of crude oil Also it has not been 
unduly expensive 

Pans Green — In places where oil is not effective Barber recommended 
Parts green mcxed w ith dust and so used as to form a scant surface deposit 
Anophehne larvae being surface feeders ingest it and are killed It does 
not affect Cnlex larvae On account of its case of transportation and 
adaptabilit> toweed> placcswhereoildoes not penetrate Pans green dust 
has proved a valuable selective brvicide 
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The application o( insecticidal dusts by aeroplane was first demon 
strated by the Army Air Service m cooperation v.ith the Ohio State 
Experimental Station m August ipai and excellent results have been 
obtained in the Enitcd States in the distribution of Pans green by this 
method 

Lipenmeats conducied at Quantico Va shoited the eflective quantity of Pans 
green to be i pound pet acre Flying at an attitude of loo feet ot leas a 35 per cent 
mistute irith poa deted soap stone ot hydrate «f lime nas effective In winds of greater 
velocity and at altitudes greater than too feet a jo per cent muture was required 
The material cost about 70 cents pet acre per season Read dust sand ashes flour 
sawdust and other natersals have been mcntioaed as satiifsctory diluents In treating 
small areas good results have followed the use of a i per cent nuxtute of Pans green in 
toad dust distnbuted by a band machine such a the Champion dusters GntStts 
found that a mixture of wet sand and fan green is apparently lethal to sub surface 
as well as surface feeding mosquito brvac Local conditions however determine 
the methods which wih give the best results in each locality The u e of Pans green 
dust mixture net found to be of little value in PaBama not ooly on account of the diTi 
cuUy in keeping the ituscure dry dunog the long rainy season but becaOi^ most of the 
powder would adhere to the moist surfaces of the segetalion and little of it would 
reach the surface of the water 

Morerecenilj Barber (i$36X. 1941) Rice and Mandekos have improved 
the method and described a dustless mixture for diluting and spreading 
Pans green It \% mixed with kerosine and either applied by spreading 
or else mixed with pebbles or graxel and the latter broadcast over the 
breeding area The kerosioe is not used m sufficient quantities to act 
as a lariicide but senes as a vehicle for spreading the Pans green and 
keeping it alloat Barber 11940) has found it especiallv valuable in the 
campaign m Brazil against A (ambtae 

In Italy and in Sardinia Pans green has been especially successfully used Several 
large districts loeluding the Roman Campagna and the Pontine hlarshes have been 
made again economically productive after having been abandoned for centuries on 
account of the enormous numbers of infected malarial mo quitoes An advantage of 
Us use IS that bsh are usually ro hilled tn the amounts employed 

A preparation known as Creeii^iJe has Kcently been placed on the market 
which IS said to have an advantage over etude Pans green in that itwul float for weees 
It IS composed of at enious oxide 55 37 copper oxide 31 i* water soluble arsenic i 

Russell and Knipe (1041I have made important observations on the automatic 
distribution of Pans Green 

S*i>xal which is a special prejmation of formahn or paraform is 
regarded e peciallv by Roubaud as being superior to Pans green in its 
destruction ot anophelme larwie and at the same time much more harmless 
to fish This powdered preparation is of great buoyancy and is so fine 
that Its particles are ingested by lie young larvae It can also be dis 
persed over great distances bv Uie wind One centigram of the powder 



IS sufficient for i square meter of surface It is recommended that the 
powder be mixed with 50 times its \oIunie of dry sand and the mixture 
then distributed by hand or sho\d into the water The Stoxal then 
dissociates from the sand and forms a film over the surface which destroj s 
the larvae 

Copper sulphate has been found useful for tanks m which drinking 
water is stored and where algae may be present protecting the larvae 
This substance does not destroy the larvae themselves but it destroys 
their food supply 

Biological Control — In the past few >ears many investigations have 
been carried on upon the biological control of mosquitoes The value of 
shading in the destruction of different species has long been recognized 
and has been especially employed m the Far East and recently m Cuba 
(1938) In the latter place however it has been emphasized that 
It IS much more effective to keep shade than to improvise it and that 
improvised shade is frequently unsatisfactory Russell has pointed 
out that in India especiaU> m Assam plants like tarapat duranta 
hibiscus and wild fig have been planted along the banks of streams and 
where dense shade is produced the transmitting mosquito in that region 
(4 mimmus) disappears The cultivation of the plants requires close 
supervision but m a number of instances it has proved very effective 
Blacklock has also reported the successful control of ^ mtmmus by such 
measures and recommends using similar methods in Africa Kirk (1937) 
has found that the planting of a belt of shade trees on each side of rivers 
and streams m Mauritius to prevent erosion has prevented the breeding 
of A eostolis igambiae) Light shade was found to be almost as effective 
a deterent to oviposition as was dense shade Eugenia jambos was found 
to be the most suitable shade tree It was believed that the inhibitory 
action of shade is through the inability of the necessary food organisms 
for the larvae to develop in the absence of light Certain plants have 
been found to be mimical or destructive to the presence of larvae m some 
instances probably b> their mechanical interference with oviposition and 
restriction of free surface for larval life 


Among these are the various species of Lemna and the ferns Solnn <1 and Atolla 
A complete cover of Lemna m nor ind cates an absence of larvae but the growth vanes 
in extent and density very rapidly In India a pool with any considerable growth of 
the rootless If ollfia ah u almost compktely free from all anopheline 1 rvae as it 
forms an impenetrable scum over the water Sever 1 species of algae of the g nus 
Char have been reported as destrueb e to larvae by altenng the hydrogen ion con 
centrat on of the water lloi ever the hypothesis r gardmg the value of Ch a as * 
plant mimicable to the presence of larvae according to the obser ations f Matbeson 
and Ilinman is untenable In the Phil ppine Islands dned roots of the genus L> rns 
have been lound d sUncliy to* e to mosqu to larvae when dissol ed in water 

In the Tennessee Valley in the United States the nal na control program for the 
past J ye rs has included further expetimental work on the effciency of var ous herb 
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odes upon aquatic vfgetatjoa Itaowa te harbor J quadrintaeuliila! As yet ho«ewr 
little mforoulion has beea obtamedcoocemiog theeSectivepoiaoniDS bysuch pJaalsw 
water Receatly more (avorable results hiTc been obtained by sprayjug the aquatic 
vegetation with sodium arsenate applied tn Uquid form Hall (1940) has found that 
the haard s Uil Saururus «f««ur L « an emergeat aquatic species of wide distnbuPoa 
in the eastern United Stales It foriushes conditions very favorable for the production 
of anophebne larvae and the wed developed leafy honcon greatly impedes the 
application of larvicides However by the use of powder sodium arsenate ico lbs 
to the acre attenuation of this ^leaes may be rapidly accomplished 

Fish — In large sheets of water and streams that cannot be filled up, 
and also those that cannot be spread with larvicide such as wells and 
springs certain natural enemtes of the larvae may be introduced, prefer 
ablysmaJlfish For a number of years ‘ mtiltons {Gerardintts potctlotdes) 
a small larvivorous fish which is continon m Barbados and Central Amec 
jca was particularly used Most countries however, possess fish equally 
dficactous to this species 

In ISurope Term hai found (he uteof sochfieh escarp and tenchof value for Utvt 
adal purposes and these have a food value as wrU Also is SuTOpe the goldfish stickle 
back have beeo found very destructive to mosquito larvae Prasbad and Hora (1936) 
have studied anew the larvivorous fishes of India which isctude predacious species 
species of eomnercial importance and small carnivorous species Jo Asia and lodia 
especially species of HaptaMut Ambusit Axeher Sarhm TncliagatUr and Aurw 
have been found useful 

The top minnow Cambusia which baa been found elective in the ^Sett Indies 
Hawaiian Islands and the Philippines was later introduced into Europe Hsekett 
(rgjS) states that Gamhutia has row been introduced into every maior malanal region 
of the world He believes it is a batdiet than the species Ltittl s rthtulaius of 
Bar^dos also known as MiUioas or any of she other top feeding minnows It 
IS also the most adaptable tolerant to wide ranges of temperature salinity and polution 
easily accUmatued to the tropics or to regions of the temperate aone with hot summers 
and ii-'orous winters and transportable over bog distances without mortality The 
species Gamtuna afinu is viviparous and produced 50 to roo 30ung at a birth It is 
said that so adult can eat tooo mosquito larvae a day and It will thrive to dirty water 
choked with weeds In the latitude of Italy females emerging from bibematioa ta 
May can have j broods by September and can give rise to 3 successive generations dur 
mg the summer Ivo epizootic disease is known to which it u susceptible It lives on 
surface food and ta especially attracted by mosquito larvae which are moving and which 
seek protection in surface vegetation In one weU studied region oa the northem 
IlalmatiaQ coast Cambusut alone has 10 >0 years reduced the aoopbehse density below 
the threshold of malaria trassmusion In many other areas it has not been completely 
successful hot It has been considered rc^nsiblc for a significant dimmutton ut the 
anophebne population ODlymsfewptaceshaaitbeenreportedatoCalfadure Many 
0! the objections raised on economic grounds particularly that it would destroy the 
ova or feed on the young of game fish m certain waters have proved to be erroneous 
In the past few years it has been laltodaced wto California where its introduction was 
formerly opposed on the ground that it m^t eat the eggs of game fish and even their 
young in the earlier stages 

IV alch has dealt with fresh water carp ponds m the NelherUnds Ind es in a some 
what different manner These ponds are fuH of submerged water plants and vege 
tatioa and breed anophetines m large ntunbcie In addition to the introduction of 
carp a species of fish Pub/ i«s;ai0Btcii4 was mlroduced which feeds on plants Asa 
nreUmmary the edges of the pood were dean weeded By these simple means alone 
the breeding of larvae was said to be ormpletely aboiisbed 
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Other natural enemies of mosquito larvae are protozoan parasites 
planarian and mjrmeth>d worms arthropod predators of several orders 
fungi and plants like Ulricularta Native species of such groups destroj 
many larvae the net result of which is to keep the mosquito population 
down to its present level Further knowledge and detailed studies of 
their life histones may indicate that some of them may m the future be 
utilized more successfully 

Measures agamst Adult Anophelmes — primary measure of impor 
tance has been the destruction of adult anophelmes particularly in 
houses Sinton and ^atts have found an insecticidal mixture composed 
of i part of pyrocide in 19 parts of kerosine oil which is comparatively 
cheap and efficacious against anophebnes Watson and Smgh (1937) 
have compared the efficiency of 64 drugs and found them all mfenor to 
this pyrocide kerosine preparation 

When inside the house mosquitoes may be destroyed by sulphur 
fumigation 1 or j pounds of sulphur for each rooo cubic feet and with an 
exposure of 2 hours 

Pyrethrum powder which is set on fire with a little alcohol may be 
burned using a pounds per 1000 cubic feet and an exposure of 4 hours 
This does not certainly kill the insect and the stupefied mosquitoes should 
be swept up and burned * 

Giemsa » spray is now considered an excellent measure for LiUing mosquitoes la 
Koms The composition is as foU>«s Pyretbrum t nrture (ee parts powdered pyretb 
rumblossoms to too parts alcohol) 48« grams odorless potash soap iSograms glycer 
me S4egrains Before using it dilute with so timesitsown weight of water and spray 
the walls of the room w ith a spray pump 

htany comneretal preparations have been advocated One of the more valuable 
of these for use in a spray is known as Fbt It is a proprietary preparation and is 
expensivetouseonalargescale For personal use many oils and ointments have been 
advocated to be rubbed on the bands and face and anklea Another proprietary 
preparation known as Sketofax has been employed extensively 0 1 of citronella 
wbcb has also been extensively used as a mosquito repellent sometimes irritates the 
skin and is often not very effective m keep ng away mosqu toes Insect repellent 

6ia (j ethylbexaned 1 3) has proved to be an excellent insect repellent Gesa ol 
or heocid (Diehl r diphenyl tnchloretbane) is regarded by many as the most ellective 
synthetic insecticide 

The clearing away of grass and brush from around houses is sometimes 
effective, as It exposes the mosquitoes to the sun in which they do not live 
long 

It IS usually stated that mosquitoes may hibernate bunng wmter 
following infection in the autumn and that cases of malaria in the earh 
spring may be explained by their bites Examination of hibernating 
niosquitoes for zygotes has not given in some instances strong proof 
of this view but such mosquitoes becoming active with a rise m 
temperature may bite gamete carriers in the house and thus spread 
malaria 

Swellengerdel (1936) m the study of the transmission of malaria in 
villages north of Amsterdam found that autumnal anopheline infection 
does not continue over the winter Infected anophelmes were numerous 
in January and could be found as late as April but they were no longer 
Freon pyrethrum \erosol issued 1^ the Ou» lermxsler US^ has proved most 
consists of a mixture of liqiiid freon (freon ti) wilh o wax free pyre 

V osame oil (freon a d chlorodifluorometh n ) The vapor pressure of 
uces the necessary spray g p csure 


122 


1 KOPHYLAXIS 


effective malaria vectors because all of the sporozoites they carried were 
found, from January onward, to be degenerated 

DegeneraUon of the sporozoites commenced in November and was preceded half 
a month earlier by degeaerabon of Ow oocysts Fresh infections of anophelmes con 
tiaued to occur until the end of October After that time the remaining healthy oficyst 
continued to mature but sew mfecbons were rarely added 

To control autumnal anopbehne mfection ui such areas houses should be sprayed 
once a fortnight between August and the end of October and in order to reduce the 
amount of useless spraying this should be hmited to the bouses most likely to harbor 
numerous infected anophelmes The tKalment of malaria patients prevents anopheltne 
mfecbon 

From the second half of August until the first half of October anopbehne infections 
nere found to take about half a month to mature Later on they took twice as long 
Swellengrebel beheves about 94 per cent of infected anophelmes were destroyed by 
spraying within the houses 

Direct Destruction — The use of a small square of wire gauze on a 
handle {fly swatter) to tdl mosquitoes as they rest on a wall is of great 
value in keeping the number down in a screened house The Malaria 
Commission of the League of Nations has advocated the killing of adult 
female mosquitoes m houses as being the most practical method of con 
trolling malaria in districts m which extensive aotimalanal measures 
cannot be earned out fn the case of .^1 tnatuhpenms m southern Lurope 
which commonly installs itself witbm bouses and cattle sheds this method 
has proved of considerable value Swellengrebel DeBuck and Kraan 
have also found it of special value m Amsterdam 

Thi method is not so easy to apply 10 many parts of the tropics on account of the 
constructiou of the houses particuUrly (hose of the natives where mosquitoes have 
every opportunity of entering or leaviDg In screened buildings however those mos 
quitoes that have fed andaredeurousof departing commonly collect on window screens 
and screened doors where they may be easily destroyed 

Especially in Europe the keeping of domestic animals m the vicinitj 
of buildings such as cattle horses or mules has a tendency to attract the 
anophelmes awa> from human dwellings This is especially the case 
with those species of mosquitoes which find the blood of such animals as 
attractive as that of man Advantage should be taken of this knowledge 
and to separate the animal houses from the human dwelling when possible 

Many types of mosquito trap have been devised None of these apparently has 
come into general use Manson Bahr however called attention to the fact that with 
one form of bo< or wire trap in which there was one trap to each 5000 cubic feet of space 
in a British barracks room with a capacity of zoooo cubic feet 65 per cent of the 
anophelmes present were captured the trap being at least 2 to 3 feet above the floor 
level Other traps have been employed to some evtent in Panama Their use is 
limited In India an automatic mosquito-catchmg machine known as the entoray 
has been placed on sale The pnnaifle on which it works is that a mercury vapor 
lamp is intended to attract the insects v ithm the range of an electnc fan which sticks 
the insects down a pipe and into a box of wire gauze White and his associates and 
Watts (1937) in India have expenmented with tlua machine They pomt out that 
while some such machine may yet prove of great value for purposes of research it was 
not found to be very practical as an anti mosquito measure since comparatively few 
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mosqiuton vrere attracted to it ludna placed very close to tbe cnchine Larje Hum 
ben of mosquitoes nere ataiaed and released as oeat to the machine as lo yards and 
reco\enes of them were small 

Destruction of Mosquitoes Camed by Airplanes — The probability of 
airplanes introducing malaria into a country by c3rT>'ing infected Ant>~ 
pheles from an endemic center should be provided against Reference 
has been made to the report that Anopkdes gambiae was probabl) carried 
from Afnca and introduced into Brazil in this way Hence all airplanes 
from endemic centers should be treated with pjrethrum vapor on depar 
ture and on arrival which is efficient for destroying any mosquitoes 
present (see Appendix p 1745) 

Drainage and Bngmeenng Methods — In difierent parts of the world 
extensive sanitary-engineering projects for permanent drainage have been 
canied out with considerable success but in many localities such pro- 
cedures are not feasible and in others little success has been obtained 
Malcolm Watson (1940) says that oo many estates m India as in 
Delhi much malaria has been man made and that over wide areas 
of both northern and southern India malaria is entirely due to man 
interfering with nature by clearing away jungles and streams and eTposing 
them to the sunshine and by draining swamps By so doing tbe harmless 
species hav e been driven out and the bteedmgof dangerous ones permitted 
as 1 miRimtir m the north ^ fitrtatiUs or I cuUctfacus at different 
elevations m the south 

Drainage should never be attempted without consultation of capable 
entomologists field malanologists and sanitary engineers Faust (1937) 
points out that within recent yean relief drainage in some malarious areas 
of the southern United Stales earned on without the supervision of 
sanitary engineers or malanologists has increased the breeding places of 
A quadrimaculatus with a consequent increment m malaria and the 
outbreak of malaria in previously non malarious areas these results 
bemg based on tbe informatioa furnished by tbe State Department of 
Health of the southern United States from 1933 lo 193S Engineers and 
health officers have at times not paid a great deal of attention to the 
practical implications of the findings of the biologists 

With the impounding of a number of reservoirs and preparation of 
others more refined methods for the prevention of malaria have recently 
been de% eloped by the Division of MaUna Control of the Tennessee 
Valley Authority The student is advised if practicable to visit this 
plant Especial attention has been devoted lo the preparation of reser 
voirs before the impoundage effort being made to present a clean water 
surface after filling W ilh the successful employment of fluctuation of 
pool level as an anti larval measure vanous accessory control procedures 
have been utilized more extensively It has been shown that marginal 
drainage shore line improvement (drift removal) and herbiade work are 
essential to secure the maximum results of variation of water elevation 
Naturalistic Methods — Hackett Russell Scharff and Senior White 
(>938) have emphasized the usportance of naturalistic methods in 
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eflective malaria vectors because all of the sporozoites thej earned were 
found from January on% ard to be degenerated 

Degeneration o! the sporozoites commenced in November and preceded half 
a month earlier by degeneration ol the oOcysts Fresh infections of anophehnes con 
tinued to occur until the end of October After that time the remaining healthy oikysts 
continued to mature but new infections were rarely added 

To control autumnal anophebne infection in such areas houses should be sprayed 
once a fortnight between August and the end of October and m order to reduce the 
amount of useless spraying this should be limited to the houses most lihely to harbor 
numerous infected anophelines Thetreatmentofoulariapati ntsprevents anophelme 
infection 

From the second half of August until the first half of October anophelme infections 
nere found to take about halt a month to mature Later on they took twice as long 
Swellengrebel beheves about 94 per cent of infected anophelines were destroyed by 
spraying within the houses 

Direct Destruction — The use of a small square of wire gauze on a 
handle (fl\ swalterl to LiU mosquitoes as the> rest on a wall is of great 
value in keeping the number down in a screened house The Malaria 
Commission of the League of Nations has advocated the killing of adult 
female mosquitoes in houses as being the most practical method of con 
trolling malaria m districts m which extensive antimaianal measures 
cannot be carried out In the case of A faac«/i^«inis m southern Putope 
which commonly installs itself withm houses and cattle sheds this method 
has proved of considerible value Swcllengrcbel DeBuck and Kraan 
have also found it of special value in Amsterdam 

This method i« not «o eiiy to apply in many putts of the tropics on account of the 
coAsInjction of the houses parUCularly those of the natives where mosquitoes have 
evetv oppoTtumty of entering or leaving In screened buddings however those mos 
quitoes that have led and are desirous of depatUng commonly collect on window screens 
and screened doors where they may be easily destroyed 

Especially in Europe the keeping of domestic animals in the vicimtj 
of buildings such as cattle horse or mules, has a tendency to attract the 
anophelines away from human dwellings This is especially the case 
with those species of mosquitoes which find the blood of such animals as 
attractive as that of man Advantage should be taken of this knowledge 
and to separate the animal houses from the human dw elling when possible 

Many types of mosquito trap have been devised None of these apparently has 
come into general use Manson Bahr bowever called attention to the fact that wi h 
one form of box or wire trap in which tbeic was one trap to each 000 cubic feet of space 
in a British banacLs room with a capacity of 20 w» cubic feet 65 per cent of the 
anophehnes present were captured the trap being at least 2 to 3 feet above the floor 
level Other traps have been ciQployed to some extent m Panama Their use is 
limited In India an automatic niosqnito catching machine known as the enCoray 
has been placed on sale The pnnaple on which it works is that a mercury vapor 
lamp IS intended to attract the insects within the range ot an electric fan which sucks 
the 11 sects down a pipe and mio a bo* of wire gauae White and his associates and 
Watts (193 ) in India have ex5>erutieiiU<i with this machine They point out that 
while some such machine may yet prove of great value for purposes of research it was 
not found to be very practical as an anti mosquito measure since comparatively fe» 
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Among these naturalistic methods and practices have been mentioned 
A Chemical Me«ores 

1 The pollution of water by waste and vegetable matter decaying and 

otherwise 

2 The changing of the salt content of the water 
B Pbysical JIeascbes — 

1 Natural filling 

2 Sluicing 

3 Flooding 

4 Fluctuating water levels 

5 Intermittent drying 

6 Agitation of the water surface 

7 Stagnating and setting water in mot on 

8 Muddying 

g Shading or exposing to sunlight 
10 Drying the land by planting trees 

With reference to the pollution of water it ba$ teng been appreciated that suUage 
and sewage polluted water usually do not breed anopfaelmes with the exception of 
4 lunda cus and the cxpenmeDts of W Uiamson have shown that vegetation and 
pollution with green veget ble matter e tber decaying or otberwiee as in herbage 
packing may be used to advantage in tbe p eveniion of breeding of anophelines 
In regard to cbangiug the salt content of water llackett has pointed out that the 
Zendnni gates at Via Reggio tamed a brackish water tagoon into a fresh water marsh 
and kept the surrounding territory f ee from malana for too years Precisely the oppo 
site procedure was found effective m Durauo Albania Here the adjacent marsh 
was turned into a lea water lagoon and the breeding of A r/u/us prevented by excessive 
salt This w s accomplished by rever uig (be usual automatic tide gate so as to admit 
the tea at high water instead of excluding it Mithin i years breeding over an area 
of ig square kilometers was reduced to aero 

In rega d to pbysical measures a roarsb can some! mes be successfully filled by turn 
ing a Slit bea mg stream into it under tbe d ection of a competent engineer I 
sluicing the mam pruiaple in (be coostractioii of an efficient anti larval Cush is that a 
sufficiently large volume of water should be discharged suddenly at a minimum of once 
a week Tbe a smg and lowering of impounded water levels at frequent mtervals to 
control anopbelme b ceding has been successfully appi ed for some years in the southern 
United States where (he pnne pal vector has been a pond breeder Tbe proper hand 
1 ng of irrigation water either by luteninttent drying or tbe use of alternating channels 
IS an important procedure in many countnes where irrigation causes a malana danger 
or a mosquito nuisance Rice fields fwesent a spec ai problem as in parts of India 
where the floodmg of tbe nee is entirely dependent on an inte m tlcot season of rainfall 
and where periodic drying is not appbcaUe Agitation of the wate surf ce is often 
effective since mosqu toes require still water in which t lay their eggs and mosquito 
larvae cannot survive in water which isin constant agitation 

With reference to muddying tbe presence of silt in suspension is usually fatal to 
(be larvae of most anopbel nes 

4Vith reference to drying 1 nd by planting t e s one definite suggestion egarding 
Its value in recent limes h s been reported by DeBoer in Uganda Here the trees were 
planted and grew in the wate 1 gged land By this means the water was reduced 
permitting easy drainage and the charactei of the undergrowth changed from papyrus 
to Umbell fers and ferns which produced a beavy shade The planted trees Eucalyp 
tus Cassia and Casuarma also have an econonuc value as timb r 

Under biological measures m natuiabstic control are especially to be 
mentioned (i) use of fish (2) the changing of fauna and flora (Already 
discussed above ) With reference to changing the fauna and flora 
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the control of maiaru methods which are relatively inetpensive and 
can suitably be earned out by the peasants themseh es Hackett defines 
naturalistic methods as the deliberate extension or intensification of 
natural processes ivjuch tend to limit the production of mosquitoes or 
their contact with man It » pointed out that direct toxic and mechan 
icat measures of destruction or defense taken against mosquitoes are 
properlj distinguished from measures designed to bring about a change in 
natural conditions of a permanent or setm permanent kind «o as to create 
a new or relatively stable Situation un/atorable to the life and activity 
of the malaria carrying mosquitoes This naturalistic control is a field 
which has been largely ignored by engineers and health officers and 
unexplored to artj great extent except bx a small number of biologists 

rfae Daturalistic «ttaclc on tbe i»i>»qu>ii> and its breeding pbces » based on a pnn 
ciple oi peciei issitatiozi nhich is that it is tiot necessary tn reader tester unfit foe 
mosquito breeding in genewl but only for • pariicuUr specie* proved dangwous in tbe 
4etu^ area to be controlled It is conceived lhal certain anopbeline specie* are rather 
more rigidly confined than ba* been thought to definite types of surface water and if 
Cbese are rendered unsuitable for breeding purpose* ihe ^etiei >s not able to reiort to 
other waters except <n a sporadic way UifTcultit* of course are experienced when 
A specie* IS found ith a siueh n ider range of adaptabiiity than others as for example 
the European frr MucK/ipeenir Mr «ifff4nus which is found in a great variety 
ofsituatioo* in fresh nater andiosatme in ranning water and still in nee fields coastal 
marshes canals and drams front 'icanduiavis to Iialy and from rorlugal to the Blaeh 
Sea 

X\ ben an anephebne seems to breed in different types of n ater in different part* of 
Its range Hackett empbasues it i always to be au pMted that we ate dealing not with 
a homogeneous specie* but with a number of vatittie* wbich however they may resen 
ble one another pbyaically may in fact be separate species with different adaptations 
and behavior In the case of such widely ai^ptive insects as a(r«/anut the prahletn 
arises a* to tbe pos ibiJity of altering conditions w> as to favor a less dangewus but 
competing anopbeline species ft is pointed out that land reclamation to the Nether 
lands ba* had such an effect and Ibotin that country as irrigation sweetened tbe land 
reclaimed frorn the sea olroyonitr has been gradually replaced by tbe Ictsh nater 
breeder ntsstae ket tack of salt itself is not an inhibiting factor as m other countries 
and regions alrofanus is found breeding in all types of fresh water 

Naturalistic methods aimed at tlie adult mosquito are as yet based 
almost entirely on the fact that each species appears to have a range of 
preferred hosts not necessarily tbe same Sroxa place to place in the 
presence of which it ignores other accessible sources of bfood If this 
range includes man the mosquito is usually a xcctor If it does not, 
there may be no malaria at aW m spite of tbe high anophelmc density 
Howexer man is usuaU> only one of a number of hosts which % given 
anophehne niU readily attack and the same anophduie may well be 
zoophilic and anthropophilic It m oalv by a careful study of the habits 
©{breeding feeding testing mating ormtenng etc that a point of attack 
may be revealed through methods amdogous to those nhich in nature so 
often restrict multiplication and activities of insect species Such studies 
must be earned out locally and ma> have little v alidtiy in another region 
even when the vector »s reported to he the same species of anopbeline 
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7<t some in&twres eui; of tppli aiMW «f 4niDui« pRTp&ylati m compsKcl <iv>th 
Oit more perwanrut m Ihods of mo qnito de irocWon »6 scrernwg appeals to tbe 
iimtamn especially in the tropics It m just «S e*sj to give quinine to a men lu the 
ijopK^ *1 1£ mn teaip rate ciimates brtahen one considers the propositionsof drawn 
tiopMl. tuamps aod shutuae off ojcuhttion of ate o» a totrid night ^ith fine wire 
gsaze w {fee ivuidovs and citseiy ssoven mosquito nets around the bed the queslron is 
dttidedly 65cren 5» tons^qjence the ttadetw^ sorretimes » (nt tlie a crag man 
to despair of accomplishing anything in ll» way of owsqiuto dsttni tion and s ceempg 
and tossiaeesgerly £>B«hatmay be th inferwattenialne ft to/quimnepwphyUi.s 

Rons d Ross presented this mstler concisely and to the point when he stated that 
It IS not a good po! "y to ubsiitule a tneasorc whi It dews not ecdode infection bii is 
STAi tjiejtwpalive in •omecasts for positive ptWfttvsB Fwu this it mil be seen that 
unless rt is rlearty recojniaed that qmftiM prophvlaais may in some case» extirpate boi 
does not t’ltttys prevent there (mgitt be » tendency to adoft t^is m asure end neglect 
the two pmptt oaca 

Asregeidstlierelatiyementinfquimneprophylaxj aadpro ct on from airsqmtoes 
CeUi gnve ll e (oUoiruig Sgurea 


TtealBieot Infected 

>Io q« to protection plus quinine prof bylaais r 6% 

■MosqjitoproiKtioa alone * 

Quuuae propbylasis alone sp o7 

^0 pwtetlion at all iJ o" 


Methods of Qutpiflc RtophyCiUU -^Various methods of qtunine prophylaxis have 
bun aueguud CusttUani and otbes have r orotnended ^ gi ito daily and a doubio 
dose oso a neek Tbit retthod has nasy >d ocates Koch advocated t$ gcatRs on 
i successive days weeVly Although qa ron* will frequently sot prevent primary infee 
iwR oMg eat value of its use as a praetical p/opbylKtic is topteientsenout mtltnal 
paroxyvns and wvalid sm in caen on eepeduiont in lolerled iMalitiei For this pur 
pose fat RisBy y an the wntet has es>p(o)ed is grams (i gra ) of quinine given no 
* I'icetWft davs of the week flfule tbs method d I rot ahiftys prevent pnmary 
aalan:^ infection nVitD infert on d d a^s' u «)o^ »yc ptotna of inalaTia Vitre pres 
cot she jxirozysois were mild Atparerity the oalv disadvantage of moinent in such 
prophytact c use oi qwnine is that tt makes lagnosts diFicult lor >t is almost impossil^ 
to hnd malarial parasites in the b ood of a in n who i taking $o grams of the drug a 
week OooaieJpedstiOMiatlwf t1 nyca eibatwasdiagliMedaimal nabyfoding 
of parasites in the blood «a» treated with from Sf to <S griras of qum tie djiting s or 
3 days and tb a with i $ grains daily lot from 6 to g nceka Os none of the « rite s 
expeditsoris ns the tropivs has any member of the expetSit on vatcufiihed to malaria 
though one wember who was att» bed to an eapeiili is who r wa ned longer w tit 
Amaioii and d d not takr qui me died of iralarm and other omphcations 

For the iteatmeaS of porters or carrier* found to he infected it is r commended 
that >5 grama (i gni ) b* givra on r or 3 saccesuve day* of each week the coatss to 
he continued for j mootbs Devef pmmt of paroxysms in such itidiviijais due to a 
reduction of their Hoiaur ty aa a resu C of the quiaine trealoient was out oitsened 

3 Chezno prophyiaxts — Punng the pa<t few years there has been 
mptb disctisston in regard Jt> foe valae oi qtiimae and foe new synfoetic 
coropounds la the prophylaAis of taalqm Mter considering the expen 
mental evidence rncludiDg the woiS of James Yorle and hfacne etc 
foe l^ca{,he of Nations roramiu lOn in its report published m tq^T con 
cladtd that while there w omc evidence to suggest that aiebtitt in l4r©t 
but Kaitnle s do^es and pIa5ino<|atae in dose^ of a tone nature may 
exert some degree of true prophjjacficeffwt under certain conditions and 
nitJj certain sttaiqa of P falnpanim it ts diffleuU or impoa&iMe wvfo our 
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Hackett quotes as the best known example of the application of this 
measure that seen in the ' b>gienic exploitation ' of the fish ponds of 
the Netherlands East Indies (Ovetbeek and Soket, 1938) The culUva 
tion of the marine fish called Chanos chanos m Java is of considerable 
dietary value and economic importance 

This fish IS cultivated m arCificuUy constructed saltuatet ponds in which A 
IttfWi {sundat Bf) breeds in assocutioa with floating atg»e consisting o(£»ifrronior//l 9 
iipirogira and other species the fish breeders heing firmly convinced that these algae 
are necessary for the cuUivaiion ol the fish In conjunction with the fishen s depart 
ment the bottoms of the ponds were laid dry for a couple of days at least once a month 
followed by filling up the pond with fresh sea water During tbe draining period the 
fish remained in side ditches of the ponds built for tbe purpose Tbe object of the 
procedure w as to kill the top a 4 , 3 e by drying and to permit the development of the blue 
algae which grow on the bottom wUe the pond is drying These blue algae remain 
much longer at the bottom of the ponds and do not nse to the surface until th y have 
grown into a thick layer It is upon the blue algae that the fish feed The algae nse 
to the surface m broad sheets and compact masses and no mosquito larvae can pene 
Irate these By the introduction of larvivorous fish into the pond any brvae that 
might be present are eaten Tbe result of these measures which have been earned out 
around BaUvia has been tbe practical abolition of malaria in tbe areas so treated 
Boyd (1939) points out that the control of anophelines ui the fish ponds of Batavia is 
the most itnking example of known possibilities of this nature in the destruction of the 
anopheline pecies 

2 Mechanical Protectioo of the IndjviduaJ ~The anaent Egyptians 
were according to Herodotux acquamted wnh the use of the net to 
protect dunng sleep against the bite of gnats and it is stated that Emin 
Pascha always earned a mosquito net and never suffered from malaria 
He thought that the cause of malaria was too large to go through the net 

The house m endemic areas should be thoroughly screened with 
copper wire Kreens which should have 18 meshes to the inch Mosquitoes 
can pass through a 15 mesh screen Screen doors should always open 
outward and close automatically with spnng hinges Double screemog 
of doors IS desirable 

Ifowever it is almost impossible to screen a ship s hatches effectively 
Then too the screening of fan intakes and ports interferes with free circu 
lation of air thus adding to tbe discomfort of the heat of the tropics As 
malarial mosquitoes bite chiefly toward evening one should not expo e 
himself after sunset Houses should be far removed from native habita 
tions 'Mosquitoes prefer the lower floors of 1 bou«e so that tbe upper 
stones are preferable for sleeping Mosquito nets at night with protec 
tion bv veils for the face or covenngs for the hands and ankles and mos 
quito boots especiallv when going out of the house are well known 
measures 

Even when mosquito nets ate intact and well tucked m there is the 
danger that a person sleeping on a narrow cot is apt to put his bare arm or 
leg against the net in wbidi case the mosquitoes readily bite the skin 
presenting at the open spaces Oil of citronella applied to the skin is 
often used to keep away mosquitoes but it is not always effective 
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Stewart These medical made their observations on three com 

patties of Umied Slates Army engmews mj^jed in mapping Tanama 
Quinine prophjlaxis was compul of> under strict supervision one gram 
of quinine was given each soldier daily m tablets or capsules before the 
evening weal The men ivorked and were camped in intensely malarial 
places The investigators found that of the 225 men nho were engaged 
for 4 1'' months in mapping and who -were taking one gram of quinine 
daily only 14 or 6 per cent showed chmcal sjmptoms of malaria Only 
after the quinine was discontinued did the actual atnouM of infection in 
the command beconw manifest through the appearance of symptoms of 
rtialaiia in xo6 persons or 45 pet tsnt The troops ici E&oacaa were sup 
posediy later repeatedly exposed to bites This work conforms with 
Yorke and JIaefie s conclusions that espcftHtmlally quinine does not pre 
vent malanal infection hut that continued use of the drug for from to 
days to i ueeks after exposure to the insect bite always prevents any 
subsequent tnalanal paroxysm McNabb and Slewart concliidc that 
under field coRditions in a hot climate where men are undergoing ph> sical 
hardship j gram of quinine wdJ prevent the development of sympfoms of 
malaria in men exposed to infection and wiU keep them on duty and that 
although quinine prophylaxis niU not prevent mfection it has great 
military value since it will enable troops to accomp ish a mission m a 
nuUnous region These observations also demonstrate that although 
qumtne sc the dosage given did not prevent malarial infection in 47 ptt 
cent of the persons concerned the fact that over 50 per cent of theta lived 
and worked for 4^^ months m a most malarious region without developing 
symptoms of m^ana even after diseoaiisumg the quinine indicates that 
even though infection may not have been prevented a considerable 
number of persons must have been nd of the infeettoa almost immediately 
after its occurrence Craig (1940} though he behaves that malarial infec 
turn cannot always be prevented even though as much as 1 got of 
quinine is taken daily for prophylaxis also believes that it is impossible 
that over 50 per cent of a commaitd could escape the development of 
clinical malaria under such conditions had quinine Rot been adnunistcred 
binunons (1939) who has had a wide experience with the Army in 
Panami likewise emphasizes that there appears to he no doubt concerning 
the value of the prophylactic use of quinine as a military measure as it 
can he used to prevent the occurrence ot cUsneaf attacks of matana 
among troops while on duty HI the field It is hi opinion also that the 
prophylactic use 0/ either quinine or atebrm prevents an unknown pro 
portion of infections CanenderandGeiJtzko'v{t938)hav«aLo thoroughly 
demonstrated these facts in troops on fir Id -ervoce 

The value of the use of quinine as a prophylactic measure for troops 
in the field during the World War has also been espectally emphasized 
bv the report of the fate Sir Wdliafn Fletcher The British Armi disetn 
barked at Saiottika in the autumn of 1915 and although plans si ere made 
for qumme prophjUtis against maUna they were not ewcuted In 
1916 there were some 60 oeo cases of malann in a force of about 115,000 
men la the autumn due to malaria there were not more than raooo 
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present knowledge to rule out the possibility that this action may be upon 
the schirogenic forms of the parasite in the red blood corpuscles rather 
than upon the sporozoites or upon an intermediate stage between spore 
zoites and trophozoites With regard to P twax they conclude up to the 
present time no drug is known which, when taken m harmless doses during 
the period of mfecuon TtiU eflectmly desttov the causal organisms of 
malaria (sporozoites) before they are able to continue their life c^cle m 
the human host 

In regard to the action on the gametocvtes, this Commission has 
concluded that neither quinine nor synthetic drugs (nor even plasmo- 
quine) administered before the appearance of gametocytcs (especially 
those of P /alctpan<m) in the blood are capable of invariably preventmg 
their formation Both atebrin and quinine have an appreciable action 
on the gametoqtes (already formed) of benign tertian and of quartan 
similar to their action on the tropho cites m the blood stream Plasmo 
qume has a specific action on the already differentiated gametocytes of 
malignant tertian since it destroys or devitalizes them to such an extent 
that even under the influence of a very small dose of the drug (o © gm ) 
those gametocytcs remaining m the blood become in a few days incapable 
of infecting mosquitoes A few eTperiments such as those of Strickland 
and Rov with atebrin, show that it may prevent the gametocytcs of 
P falciparum from developing during the time the drug is fully present 
in the blood However, Kingsbury (1935) has fouod that the viability 
of subteriian gametocytes of P falciparum is little affected even by atebtm 
lausonate treatment I ive out of 6 crescent carriers on whom anophcUnes 
were fed at periods from the fourth to the tenth day after the commence 
ment of treatment proved to be sldl infective Also, Field (1938) found 
that atebrin musonate even after 2 jnjcctwns has no advantage over 
quinine as a/ofcip<jri«w gamctocide In some experiments performed at 
forpfi the Italian observers found that atebrm exerted a partial action 
in bringing about the disappearance of the gametocvtes ot P falciparum 
already present n the blood However the action of atebrin even of 
injections of atebtm musonate on fully formed gametocytes of P falci- 
parum is evidently very slight 

While then under espnimental conditions the sporozoites themselves 
injected by infected mosquitoes m man ate not destroyed by anv of these 
drugs, nevertheless in actual practice in the tropics the systematic taking 
of quinine by an individual m many instances prevents the onset of symp- 
toms of malaria and the individual instead of being in bed and incapaci 
tated for work is able to continue his daily occupation The value of 
quinine as a prophylactic in field expeditions has been repeatedly demon 
strated even though such vdlue is only relative A great responsibility 
rests upon the practicing physician as regards the prevention of maiana 
for m the proper treatment of imtui maUnal infection we possess one of 
the most valuable of all prophylactic measures 

prophylaxis in Arnnts — A most important piece of research m respect 
to quimne prophylaxis in the field was earned out by McNabb and 
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Linncll and several other observers including the writer have found th tthe giving 
of $ gr of quinine daily m badly infected distncts is frequently not satisfactory for 
prophylaxis Such amounts sometimes only prevent the onset of an attach for a van 
ablepenod of time Experimentally it has been found that persons who were infected 
by mosquito bites e or 3 times weeUy and who took each day a smaU dose of o 30 gm 
{5 gr quinine bihydrochlonde) often had mild attacks of malarial fever between 10 
and 14 da)s after the first infectmn but the attacks lasted only from 1 to 4 days 
Then they remained free from fever for about i weeks when another minor attack 
occurred A few days after ceasuig to take the daily prophylactic dose they developed 
severe attacks with fever and many parasites m the blood Other persons infected m 
the same way but who took as a prophylactic only i grm of quinine once a week had 
more severe and more frequent febrile attacks than the persons who took daily doses 
of o 30 gm 

On the other hand in experiments m Italy ( 937) in which quinine varying from 
0 4 to o 6 gm (6-9 gr ) a day or i gm ( 5 grs ) twice a week was taken and the indi 
viduals were subsequently bitten once or several times by infected mosquitoes the 
occurrence of an attack was prevented during the whole course of treatment which 
sometimes lasted throughout the whole malaria season In some cases the treatment 
was successful m preventing any manifestatioii of malaria Only m a few instances 
did It fail 

Differeat results regarding the value of prophylaxis are obviously 
partially explainable upon the different susceptibility of individuals m 
different communities and countries and the prevalence and high or low 
infectivity of the mosquito hosts in the locality as well as the extent of 
exposure to their bites 

Plasmoquine and Atehnn with Quinine m Prophylaxis — Under the 
discussion of treatment with quinine and synthetic drugs it has been 
emphasized that true chemo prophyUzis can sometimes be obtained with 
plasmoquine but only with such doses as are dangerously near the toxic 
limit and such doses cannot be recommended for residents m malarious 
countries 

It was also hoped that atebrm would prov e successful as a prophylactic 
particularly on account of the fact that some of the drug is retained in 
the body for considerable periods Nevertheless the drug given in 
o 30 gm doses over a period of $ to 7 days does not prev ent penetration 
of the sporozoites into the tissues though in some instances it does delay 
the onset of the fever for as long as a month For prophylaxis with 
atebrm the League of Nations Committee recommends a dose of o gm 
(3 grams) for adults administered twice a week during the malaria season 

A great many field expenments have been performed during the past 
few years in which the value of quinine and atebrm for prophylactic 
use has been studied 

Clark and Komp ( 939)i*h havec rr ed on observations on tnalana in Panama for 
8 years n Ihe r last report compare results in the treatment 0/ two groups of inbabi 
tants In one group consisting of Ihe individiials found positive for malana by the 
monthly service atebnn (o 10 gm ) was given 3 times a day for a period of 5 days 
followed by plasmoquine simplex (o 01 gm ) twice a day over a succeeding period of 
5 dajs In the second positive group qo nine sulph te (13 gr ) w s given daily for 
Sdays and dun g the f llowing week plasmoqinne (001 gm ) twice a day for 5 dajs 
Clark reports that the experiment has been equally good with quinine or atebnn 
provided the same degree of attention was gi en to the dministrat on of the 7 drugs 
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men in the line In January 1917, since antilarval measures on a large 
scale «ere not expedient for the protection ot an 4rm>, quvmne prophv 
taxis was rigorously applied A special anti malaria sen ice was created 
and the urine was tested with Tantets reaction to see that the qumme 
was actviallj bem^ taken by the men "I he result of treatment was 
successful Whereas m 1916 the maUnalpeak m September was reached 
with 2 oco primary cases (in 4 divisions) in 1917, with 8 divisions the 
peak did not exceed r 000 primary cases In 1916 there were 379 deaths 
from malaria m 19x7, 71, and m iqtS $4 Tanret’s reaction showed 
that only about 15 per cent of the men were taking their quinine in 1926 
and by 1Q19 nearly too pec cent were taking it 

Wenyon at the British symposium on malaria m war (1939) states 
that he js definitely of the opinion that prophylactic quinine does prevent 
actual attacks of malaru though it does not prevent mfection. During 
the World War in Iil.cedonia once or twice the experiment was tried of 
withholding prophylactic quinine in the British Army for 4 week or two 
from large groups of men This was followed by such increases in the 
sickness talc from malaria that a rapid return to the prophylactic dcse 
was made Regarding mosquito nets he states that these did more to 
prevent infection m Macedonia than all the other prophylactic measures 
together 

It lus been iUBS<eted tbit in auimne oropbybxu thtre may be Cbe pouibihty of 
producing an immunity to quinin on the pirt of the parasites which have been in(r> 
Ottced by infected mosquitoes aod held m check by ibe tmaUet prophylactic but Bot 
curative d<^es 0! quiome Later on when the quinme prcpbytaiia is di eoatmued tbe 
paiaiiies may begin to multiply vigorously and perhaps may show an immunity to 
quinine In tb» conncctvsn an instance bis been quo ed in vihich 5t>8 mannes served 
m 1906 {or about one month on the Utbtnu of Panama duiin^ which time they were 
given 9 grains of quinine daily as a prophylactic During this month there was only an 
occasional case of malaria among tbe men At tb* end of the month ^Softheongiaal 
398 Fctunied aboard ship and sailed for the Notlb Tvro days Ut r so cases of tnaUru 
developed fo'loned the nest day by sj and the day following lhat by as The medical 
officer then resumed 10 grain ptopbvlarti doses for those not down with malaria but 
DOtwith landing this there were 215 acule Qulauaf paroxysms some of them of p r 
nicious type arnong the *98 men It was noted that these men did not respond saijs 
fsctorily 10 quinine treatment even when ibe drag was administer d lotramu cularly 

It shiutd be noted in this experience that during each month that the men nere 
taking even relatively small doses of quuune only an occasional case of malaria occurred 
among Iheci and that as soon as the quinine was stopped ca es of malaria began to 
appear among them Had quinine been coatuiuedia larger dosesandforlonger periods 
of um It seems probsbl that not so many *tucks of malaria would have developed 
subsequenfly The danger* ol incomplete treatment have already b^en etopha laed 

Stoti s observations in India regarding qnuune prophylaxis (often quotedi wer not 
favorable I smg native Irdias troops be gave one group (j9l«) prophylactiv qojiJie 
while the other (a9o0) did not take quin ne propbylacticaby He continued this experi 
meat i year giving 15 grains j time* neeldy for 5 months and 10 grams 3 tunes weekly 
for the remaining 7 months Those taking quinine gave 170 primary admissions while 
those not taking «t gate i 9 (47 a per thousand ctrength hr the former as against 45 8 
oer thousand for those not taking quime prophyUxis) In espenroents of this nature 
one cannot be sure that the Indian native troops actually took the amount of quinine 
f ezutarly that was prescribe J in ^ pmbabi'ity they did not The experiment merely 
demonstrates the difficulty m pmpbytaTO nith native Indians 
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the onset of a malarial attack for as long as 33-37 weeks after experimental 
infection (James and Shute) Atebnn can be generally more easily 
dispensed for mass treatment in nual communities and the time of treat 
ment is much shorter 

The ph>sician must often decide when to employ individual piophy 
laxis While it is true that where only benign malaria exists or where 
there is satisfactory means of cairying out diagnosis and treatment 
quimne and especiallj atehrin prophylaxis is not to be recommended yet 
in intensely malarious districts with heavy infections of natives it is 
advisable for the European when actually exposed to infection to take 
froms to 15 grains of quinmeexery day m tropical regions where malignant 
tertian is a menace Many experienced observers believe that it lessens 
the danger of blackwater fever attacks Stitt advised the medical 
officers of the ships of the U S Nav y in tropical regions not to use quinine 
prophylactically on board ship or in shore dispensaries since they were in 
a position to recognize readilv and treat the onset of malaria and to carry 
out more or less efficiently mosquito protection methods However on 
military expeditions or ex^oring trips in tropical or subtropical countries 
he also believed it is the only practical method of keeping a force efficient 
Of course one should first of all insist on the use of mosquito nets as 
important m protecting from malaria as well as from yellow fever 
dengue and filanasis Every soldier should be provided with an vndvvid 
ual net 
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The disturbing feature of the work xeas th number of relapses that occurred with either 
form of treatment 

Nevertheless the method o! control adopted has been succe slul ui reducing to the 
vanishing point clinical illness from malaria The parasite rates during the past year 
were the low est so far recorded The low rates were believed to he caused by a combina 
tiQQ of the normal decline in rates and the treatment of all positive cases No toxic 
results followed the use olatebnn in the doses given ClarkaadKomp however poinl 
out that they have not been successful in compleleW eradicating the disease and that it 
IS etlremely doubtful whether under the conditions in Panama such a result will be 
po sible The ever present mos<)iuto the newly arrived carrier and lie year Jong 
transmission season all con pire to i revent complete success but undoubtedly much has 
been accomplish d in reducing the ravages of the disease 

NSinehestet (igjS) has employed atebnn to Georga for the past 3 years In 1936 
all ptrsotia (Negroes) found harboring nutarul parasites were given a s-day course of 
atehna (300 mgm a day for adults) These individuals were then placed m one of * 
groups referred to as the piophybctic group and the control group The 
prophylactic group received 00s gm grain) of atebnn a day heginmng May istb 
and continuing until the end of October The eontrol group received no medication 
after the initial treatment m the spnog In {937 (the foUoamgyear) all persons show 
mg the presence of malarial parasites at th spring etamination or giving a history of 
chills and fever during the previous 6 months were treated with a s day course of 
atebnn After the beginning of the expenment only ro individuals m the prophylactic 
group ever showed parasites in the peripheral blood at an) eraminatiOD In the costrol 
group in 1936 there were 49 eases of clinical malana and in 1937 chtucal cases 
\\inchester regards the results as so encouraging that a fuith r trial u warranted No 
untoward reactions ot toxic symptoms due to atebnn were observed 

Field Niven and Hodgkin in the Malay States (1937) made a comparative study of 
the prevention ot malana in the field by the use of tjuimne and atebnn In one group on 
two estates 0 4 gm of atebnn weekly was givcntn 2 do^s o i gra ori successive da)S 
The dosage for children was proportionate to age 

To a second group on each estate eagm of«)U)nnehih>drochloTided4ilywasgiven 
as ugar coated tablets each containing o a gm Tbe dosage for chilfren was propot 
tionate to age To a third group on each estate t tablets of an inert substance dye 1 so 
81 to reserohle atebna in appearance was given. This third group served tor control 
The prophylactic treatment both with atebrin and with quinine effected in contra tto 
the control group a marked reducUon in the nurober of malarial attacks The reduc 
tion for the last 6 months amounted almost to ehounatioa The effect of the prophylac 
tic atebnn os the malarial incidence and on parasite rales was somewhat mote potent 
than that of the prophylactic quinine However there was a rapid return of the cbmeal 
evidences of mataria when the admunstiation of the dru s was suspended The safely 
of prophylactic atebrin was not estabbsbed by the ob e/valions made but it appears 
that the risks as well as they could be detemuned were not of high order la many 
tropical countries mass treatment must very frequently be carried out without proper 
medical supervisionofindividualpatients and then quimne d tribu ion may be prefer 
aWe IVbfie the cases under treatment can be carefully observed many clinicuns 
advocate the use of stehnn In additMn to the favorable reports of its use quoted 
should be noted those of Bispham (1938) in the southern baited States nho found 
grains a week for 4 weeks satisfactory for prophylactic use in the Civilian Conservation 
Camps lIiU and Goodwin (1938) inabi hly malarial region m Ceorgia USA found 
only I 8 per cent of clinical ca es of malaria m a group treated with o r gram of atebria 
rUmesaweek as compared with 5 6 j er cent of a group given jo gr of quinine daily 
and 31 7 per cent in an untreated group Over a two year period the parasite index of 
the community was nduced from 17 o to o 3 per cent 

A review of other recent literature on the comparative value of quinine 
and atebnn as a prophylactic reveaU there is not unanmit) of opinion 
as to which drug is more valuable However atebrtn wiU often prevent 
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1859 Other American physicians during the nett 10 j ears described the 
disease from \arious other Southern states Vcretas noted the presence 
of the disease m Greece in 1858 

It is rather remarkable that the disease wa* not noted by so keen an observer as 
Torti if It existed in hia time and Manson pointed out that it 1$ strange that it should 
not have been recognized m India if it had emted there prior to recent times Its 
recognition in Africa and the discovery of its pitvalencc there has been of comparatively 
recent occurrence and hence this has suggested to some that the di ease had been 
recently introduced into Af ica There have been two explanations given of the recent 
greater prevalence of the disease in Africa and m other tropical areas where malignant 
malaria prevails e tensively whichaie( ) that there has been a great mSui of susceptible 
Europeans or other foreign people into such areas dunng the past 20 or 30 years and 
(2) that the more frequent and e ce sive dosing of malarial patients with quinme is 
responsible for some of it 

Geographical Dtstnbubon — It is 10 tropical Africa that the disease 
IS of prime importance as a cause of death and invaliding It prevails 
chiefly in West Central and East Africa from about 12 N to i S 
latitude in which regions P fatetparum infections are widely distributed 
It IS most prevalent in Europeans on the West Coast of Africa fron Senegia 
to Quanza and also in the Congo and in the deltas of the Niger and Gambal 
Rivets On the East Coast of Africa it is likewise widely spread espe 
cially along the Zambesi and m the vicinity of Lake Nyasa It has been 
reported though less commonly on the upper Niger in Tanganjika 
Territory Uganda in North and South Rhodesia in Abyssinia and the 
valle) of the Upper Nile It is alvo common in some parts of Madagascar 
It IS less frequent m Northern Africa although a considerable number of 
cases have been reported from Algeria It iv unknown or very rare in 
Egypt a country where malaria is very rare in Europeans In India it 
occurs m Assam and a number of other provinces and Stephens states 
that m the Duats (Bengal) he saw more cases in a fortnight than he 
had seen m the same time in Africa Krishnan (1938) in an epidemiolog 
ical survey of these provinces in 1936 found it especially among the 
Bengalese of the tea gardens It is found also in Burma and northern 
Siam in the Province of Yunnan in China ui Formosa and the Malay 
Peninsula It also occurs in the very malarious islands Java and New 
Guinea and in the Netherlands Indies particularly in immigrant Japanese 
fishermen especially during the first few months after their arrival 

In Europe it occurs chiefly in southern Italy Sicil> Sardinia and 
Greece Bulgaria and Albania Blackwater fever was frequently noted 
among the British forces in Macedonia and Palestine durmg the World 
W ar It IS common m Central Amenca and the West Indies and northern 
South America especially in the regions of the Amazon basin in Brazil 
In the United States it is chiefly found in the most malarious sections 
of Arkansas Mississippi Louisiana Texas Alabama Georgia Florida 
and South Carolina It would seem that it is becoming more rare m the 
Southern states As a result of anti malarial measures among the Amer 
leans norkmg m the Panama Canal Zone it has almost disappeared 
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BLACEWATER FEVER 

Defiottiov akd Symonyus 

Synonyms — Hacmoglobtnanc fever nuUnal haemogJobmuna bae 
morrbagic malarial fever French Fie\rc biliieuse heiroglobinurique 
German Schwarawasserfieber 

Defijutioa — BiacL water fexer is a disease the etiology of which 
has been disputed hut there is now general agreement that it is definilely 
connected with attacks of malaria or a continuous malaria! infection 
It is prone to affect the Caucasian long resident m parts of the globe 
where malignant tertian a rampant It is rare m Negroes but affects 
among other races Hindus Arabs and Chinese particularly Blond 
whites seem more susceptible than brunettes 

On the basis ol lorvtred integrity of the red cells, usually by reason of 
repeated attacks of malaria and following the administration of a dose 
of quinine or as the result of refrigeration, excessive exposure to the 
sun or great fatigue there may occur acute eslensixe lysis of the red 
cells with liberation of haemoglobin into the blood stream Clinically, a 
prostrating chill of asthenic type frequently occurs, associated with 
early jaundice and the passage of porter coior^ unne— haemoglobinuria 
There are certain features of analogy with this complication of malaria 
and the different forms of paroxysmal haemoglobinuria Splenomegaly 
definitely attributable to malaria may constitute the outstanding clinical 
difference between blackwater fever and other forms of haemoglobinuria 
Intravascular haemolysis associated with haemoglobmaemia and 
haemoglobmurea occurring m a patient with chronic malaria may be said 
to constitute the essential basts of blackwater fever 

History — It is remarkable that physicians failed to recognise this 
striking condition until towards the end -of the roth century It was 
first described by Lebeau and other French naval surgeons in Madagascar 
between 1S50-60 This fate recognition was doubtless due to confusing 
It With bilious remittent fever and yeHow fever Even after the clinical 
picture was well recognized disputes as to the nature of the coloring 
matter of the characteristic urine were frequent some considering that 
the dark color which we now know to be due to haemoglobinuria was 
due to haematuna or that the color was due to bde pigment Blackwater 
fever must have been the condition referred to in medical literature of 
the period 1850101870 under the names Ficvre bilicuse haematurique 
‘ haemorrhagic malarial fever * and febns remitfens haemorrhagica 
It was first described in the United States by Cummings of Louisiana m 
*36 
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the parasites of the latter species not appearing in the blood However 
DeLangen and Lichtenstein (1936) and Fo> {193S) hav e observed cases 
in which only the benign tertian parasite was present In Fo> s cases 
in 33 per cent P rirax was present in 47 per cent P Jolcipamm 14 per 
cent muted ntj* and faUtpattun and m 6 per cent pigment alone was 
seen Other observers including Manson Bahr (1936) believe that the 
subtertian parasite is the one almost tnvariabl> associated with black 
water and that if the blood is etamincd at the right stage the ring forms 
of the parasite may be demonstrated in the blood before haemolysis has 
occurred but that during the process of haemolysis the corpuscles con 
taming the parasites are broken up and destroyed so that they can no 
longer be demonstrated Gates and James m Panama have also given 
important evidence definitely associating the subtertian malarial parasite 
with blackwater fever and James has produced blackwatcr fever in 
paralytic subjects artificially inoculated with certain strains of subtertian 
malaria A single case of blackwater fever which was fatal has been 
reported by Fairley (1939) with infection with P ovale Also numerous 
cases of blackwater infection in monkeys due to P knouUst have been 
described Wats (1938) reports that in 254 rhesus monkeys infected 
with P kno-iUsi and none treated only four escaped death and in the 
majority baemoglobinuria occurred Ciuca has also reported a case of 
blackwater fever m a patient inoculated with P knoalesi following a 
single dose of atebrm 

It 14 believed that as a result of the damage done the patient by the 
malarial attacks there is a tendency on the part of his red cells to bae 
mol>8ia A hypothetical autolysm or an anaphylactic sensitiaing sub 
stance has been suggested to explain the haemolysis 

Malaria apparently is the predisposing cause and the exciting cause 
may be any of a number of different factors capable of lowering body 
resistance such as other infections the occurrence of another malarial 
attack the administration of quinine particularly of the acid salts of 
quinine in rather large doses refrigeration as brought about b> one s 
clothes becoming wet and then later subjected to the chilling influence 
of a sea breeze to excessive fatigue or dietetic or alcoholic excesses 
Quinine administration particularly if associated with refrigeration is 
the most common exciting factor Another procedure said to be prov oca 
tive of blackwater fever is \ ray application to the region of the spleen 
As regards the association of malaria and blackwater fever Stephens 
in a study of 390 cases of blackwater found that 73 per cent of the cases 
showed malarial parasites on the day preceding the haemoglobmuna 
47 S per cent on the day of the attack and 23 per cent on the day follow ing 
the appearance of the dark urme Other workers give even higher 
figures as 9$ 70 and ao per cent However more recent reports show that 
ID onlv $0 to 70 per cent of the cases can parasites be demonstrated during 
the attack Foy and Kondi (1938) in Greece found that approximately 
40 per cent of their cases of blackwater fever were positive for malarial 
para ites but that the assessment of the parasite rate in blackwater fever 
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among them although still common among the white Europeans m the 
same region who neglect these measures 

JIanson Bahr (1940) points out that blackwater fever occurs not 
uncommonly in England in individuals of both sexes who have been 
infected with subtcrtian mahna m West Africa and other highly malarious 
countries in whom it is apt to break out after their return on exposure to 
cold through over indulgence with alcohol or following quinine adminis 
tration within a period as long as 8 months after their arrival Such 
cases are, as a rule acute and the mortality rate has been 50 per cent or 
even higher 

Etiology and Epideiiiolooy 

Etiology — For a number of years it was suggested that blackwater 
fever was a disease jki gewem a completely separate entity This view 
was particularly advanced because of the discovery m 188S of Bcbesia 
as the cause of redwater fever of cattle Sir Patrick JIanson suggested 
that some such affection might occur m persons made susceptible by a 
previous attack of malaria ^ 

Sambon also thought by reason of the clinical resemblance of black 
water to certain haemoglobmuric diseases in cattle (Texas fever), dogs 
and sheep that such a cause might be operative These parasites 
(Ptrophvnaia) of the red cells are easily discernible in the animal infec 
tions but have never been seen in blackwater fever 

SchuSner (191S) and Blanchard and Le Frou (1912) behaved that they had dis 
covered the ipecidc cauie as a spuoehaele which resembled 5 xeleTtkamorrhat'ca 
However they found bilirubin consuntlyin the urine which is not found 10 true black 
water fever On inoeulation of guinea pi^s haeroaluna resulted but not haemoglo 
binuria The finding of a spirochaete was never confirmed in other cases of blackwater 
fever 

Leishmsn in earlier years noted the presence la the large mononuclear cells of the 
blood of blackwater patients of certain cell inclusions which he thought to be of chlamy 
dozoal nature and he suggested that these ehlamydozoa might be the etiological factor 
Such appearances may not only be absent in marked cases of blackwater but have been 
described in conditions other than blackwater fever 

Association with Malaria — Very heavy infections with P Jalctparum 
in which as sometimes occurs from la to 20 per cent of the cry throcy tes 
are invaded will occasionally show haemoglobinuria Such cases give 
support to the old view that haemoglobmuric fever was simply a type of 
pernicious malaria Brem has proposed for these cases the designation 
pernicious malarial fever with haemoglobinuria 

Blackwater fever occurs almost always in those who have resided for 
considerable periods of time in districts where malignant tertian malaria 
lb very prevalent and intense and who have repeatedly suffered from 
such malarial attacks More rarely blackwate fever may be connected 
with benign tertian or exceptionally with quartan infections However 
Stephens formerly could find only 7 sudi cases m the literature J G 
Thomson believes that some cases reported as connected with bengin 
tertian malaria are instances of mixed infections with malignant tertian, 
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coefficient m their cases betweea the last dose of quinine and the first 
passage oi black unnt vias so significant as to make vt nppear that there 
IS more than a causal relationship between the two Nevertheless m 
other studies (1937) they point out that though quinine had been taken 
in the vast majority of cases m others no quinine whatever had been 
taken They also observed that people who have been m the hospital 
and taken the full treatment for nalana with either atebrin or quinine 
sometimes go down without any warning with blackwater fever their 
blood and spleens being negative for both parasites and pigment 

The Qumme Theory — This idea as to the causation of blackwater 
fever first originated with Veretas in Greece in 185S Later Tomaselli 
supported this view in Italy and more recently it was advocated bj Koch 
It has been suggested that Koch s insistence on this theory was unfortu 
rate because many persons with severe malaria have refused to take the 
specific qumme for fear of bringing on haemoglobmuria 

Some maintain that qumme atone even in doses which are capable 
of producing profound tone eQects such as disturbances of sight and 
hearing weak heart and collapse does not cause haemoglobmuria and it 
has sometimes been stated that quinine base and quimoe tannate tend to 
prevent haemolysis haemoglobinaemia and baemoglobmuria It appears 
definite that blackwater fever sometimes develops without the previous 
administration of qumme It has been argued that malaria and not 
quinine is the chief factor m the etiology of blackwater fever and that 
this IS suggested by the fact that though immense quantities of the specific 
have been taken for the cure of simple tertian and quartan infections 
blackwater very rarely supervenes in these and generally only in malig 
na-nt tertian infections 

Some confusion has resulted from the fact that in especially susceptible 
individuals the administration of quinine may produce a transient haemo 
globmuna but this condition should not be confused w ub the blackwater 
fever associated with malarial infection Manson Gordon Thompson 
hlcMiUan and others have all reported m earlier >ears haemoglobmuru 
following the administration of qumme In such cases the haemo 
globmuna usuall) develops within an hour after taking the drug Man 
son Bahr has pointed out that it has sometimes become necessary to issue 
a special certificate to such individuals warning medical officers against 
prescnbmg quinine for them Mublens and Knabe have repotted a case 
of extraordinarily pronounced quinine susceptibilit> m a joung seaman 
from West Africa whom they were unable to accustom to take the drug 
Less than x gr of quinine urcthrane caused m him an attack of blackwater 
On the other hand he showed great tolerance to plasmoqume and total 
doses of It amounting to 4 75 grm faded to banish the malarul parasites 
from his blood 

Connal m Nigeria has reported 24 cases of evere blackwater fever 
m negroes who had never taken quimne and found that regular quinine 
takers are less liable to have a fatal attack of the disease than those who 
have taken the drug m irregular fashion 
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can only be determined when a number of factors are taken into consider 
ation such as (i) time and amount of last dose of quinine (2) the magm 
tude and duration of haemolysis (3) the time that has elapsed between the 
first passage of black urine and examination of the blood and (4) the 
parasite index in the general population These factors they state apply 
with equal force to spleen puncture findings Fairley (1937) states 
that the parasites may be difficult or impossible to find after the first 
24 hours 

By examining for increased percentage of large mononuclears or for 
melamferous leucocytes m those cases not showing malarial parasites 
the evidence of malarial etiology sometimes may be additionally increased 

Lamborn (1938) fed 50 A gambtM and 50 1 ftineslus on a European 
patient at the height of an attack of blackwater fever and subsequently 
the majority of these fed on two native boys of 10 years of age between 
the 7th and 32nd day There were no reactions in either of the boys 
who were under observation for 4 months No parasites were found 
m a search of 17 of the A gambtae and 14 of the A fiinesitts used in the 
experiment 

Darling during his service in the Panama Canal Zone found malarial 
parasites at autopsy m every person who died of blackwater fever How 
ever Fairley found that malarial pigment may be unexpectedly scanty 
m the endothelial cells of the Uver and spleen at autopsy Also it is 
necessary to point out that a small percentage of cases diagnosed as 
blackwater fever may not show any evidences of malaria at autopsy 
and cases are recorded where blackwater has attacked persons who had 
never had malarial fever In the latter instance however the haemo 
globinuna presumably has another origin and m this connection par 
oxysroal haemoglobinuna must be considered 

Foy and K.ondi (1938) have reported spleen punctures in a series of 
cases of blackwater fever occurring in Greece They found that in a 
certain proportion of cases the spleen might contain small or large amounts 
of pigment in which there was no trace of infection in the peripheral blood 
However, in some of their cases when the peripheral blood harbored 
numerous parasites the spleen contained only most meagre traces of 
pigment and these results applied to infections with both P rirar and 
P falciparum They found further that there was little or no evidence 
of heavy malarial infection just pnor to the onset of blackwater fever 
m the great majority of the cases and that if the presence of pigment in 
the spleen might be taken as evidence of recent schizogony then very 
few cases of blackwater fever can be said to be suffering from active 
malaria at the time of the onset of the haemoglobinuna The rate at 
which the spleen disposes of pigment seemed to be extremely variable and 
not to be dependent upon the time or the amount of quinine taken prior 
to the onset of the blackwater fever They thought that the reticulo 
endothelial system appeared to play an important role in the destruction 
rate of the pigment They pomt out although quinine is by no 
means an essential prerequisite of blackwater fever that the correlation 
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coefScient m their cases between the last do« of quinine and the first 
passage of black, unnc was so significant as to make it appear that there 
IS more than a causal relationship between the two Ne\ertheless m 
other studies (1937) they point out that though quinine had been taken 
in the \ast majority of cases m others no quinine whatcier had been 
taken Tbe> also observed that people who have been in the hospital 
and taken the full treatment for malaria with either atebrin or quinine 
sometimes go down without anj warning with blackwater fever their 
blood and spleens being negative for both parasites and pigment 

The Qumine Theory — ^This idea as to the causation of blackwater 
fever first originated with \eretas m Greece m 18^8 Later Tomaselli 
supported this v lew in Italj and more recently it was advocated b> Koch 
It has been suggested that Koch s insistence on this theory was unfortu 
nate because many persons with severe malaria have refused to take the 
specific q uinin e for fear of bringing on haemoglobmuna 

Some maintain that quinme alone even in doses which are capable 
of producing profound toxic effects such as disturbances of sight and 
hearing weak heart and collapse does not cause haemoglobmuna and it 
has sometimes been stated that quinine base and quinine tannate tend to 
prevent haemolysis haemoglobmaemta and baemo|lobinuna It appears 
defimte that blackwater fever sometimes develops without the previous 
administration of quinine It has been argued that malaria and not 
qumine is the chief factor m the etiology of blackwater fever and that 
this is suggested by the fact that though immense quantities of the specific 
have been taken for the cure of simple tertian and quartan infections 
blackwater very rarely supervenes m these and generally only in malig 
nant tertian infections 

Some confusion has resulted from the fact that in especially susceptible 
individuals the admuiistration of quinine may produce a transient haemo- 
globinuna but this condition should not be confused with the blackwater 
fever associated with malarial infection Manson Gordon Thompson 
McMillan and othen have aU reported in earlier years haemoglobmuna 
following the administration of qumine In such cases the haemo 
globmuna usually develops witbm an hour after taking the drug Man 
son Bahr has pointed out that it has sometimes become necessary to issue 
a special certificate to such individuals warning medical officers against 
prescribing quinme for them Muhlens and Knabe have reported a case 
of extraordinanly pronounced quinine susceptibility in a young seaman 
from West Africa whom they were unable to accustom to take the drug 
Less than i gr of quinme uretbrane caused in him an attack of blackwater 
On the other hand he showed great tolerance to plasmoquine and total 
doses of it amounting to 4 grm failed to banish the malarial parasites 
from his blood 

Connal in Vigeria has reported *4 cases of severe blackwater fever 
m negroes who had never taken quinme and found that regular qumine 
takers are less liable to have a fatal attack of the disease than those who 
have taken the drug m irregular fashion 
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can only be determined when a number of factors are taken into consider 
ation such as (i) time and amount of Jast dose of quinine (2)themagtu 
tude and duration of haemolysis (3) the time that has elapsed between the 
first passage of black urine and eeammation of the blood, and (4) the 
parasite inder in the general population These factors they state apply 
with equal force to spleen puncture findings Fairley (1937) states 
that the parasites maj be difficult or impossible to find after the first 
24 hours 

By cramming for increased percentage of large monoaucJears or for 
raelaniferous leucocytes in those cases not showing malarial parasites 
the evidence of malarial etiologj sometimes may be additionally increased 

Lamborn (1938) fed 50 A gambtae and 50 A fsintsUis on a European 
patient at the height of an attack of blacknater fever, and subsequent!) 
the majority of these fed on two natne bo)S of to jears of age between 
the 7th and 32nd daj There ucrc no reactions in either of the bojs 
who were under observation for 4 months No parasites were found 
m a search of 17 of the A gambute and 14 of the A funtsius used m the 
experiment 

Darling during hia service in the Panama Canal Zone, found malaria! 
parasites at autops) m every person who died of blaclnater fever How 
ever Fairley found that malami pigment may be unexpectedly scanty 
m the endothelial cells of the liver and spleen at autopsy Also it » 
necessary to point out that a small percentage of cases diagnosed as 
blackwater feser may not show any etidcnces of maJaxia at autopsy 
and cases are recorded where blackwater has attacked persons who had 
never had malarial fe\er In the latter instance however the haemo 
globinuna presumably has another origin and in this connection par 
oxysmal faaemoglobmuria must be considered 

Foy and Kondi (1938) have reported spleen punctures in a senes of 
cases of bUckivater fever occurring in Greece They found that m a 
certain proportion of cases the spleen might contain small or large amounts 
of pigment in which there was no trace of infection in the peripheral blood 
However, in some of their cases when the peripheral blood harbored 
numerous parasites the spleen contained only most meagre traces of 
pigment and these results applied to infections with both P ctrtf* and 
P fahtpamm They found further that there was little or no evidence 
of heavy maJarial infection just prior to the onset of blackwater fever 
in the great znajOTity oi the esses and that if the pieseace of pigment in 
the spleen might be taken as evidence of recent schizogony then very 
few cases of blackwater fever can be said to be suffering from active 
malaria at the time of the onset of the haemoglobinuria The rate at 
which the spleen disposes of pigment seemed to be ettremely variable and 
not to be dependent upon the time or the amount of quinine taken prior 
to the onset of the blackwater fever They thought that the reticulo 
endothelial system appeared to play an important role in the destruction 
rate of the pigment They point out although qumme is by no 
means an essential prerequisite of Wackwater fever that the correlation 
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that a haemoijsm may be free m the blood stream or bound in 
certain cells but it is not clear what suddenly frees it or precipitates 
Its action 

Dudgeon thought that haemolytic subsUnces were present in the tissues and unne 
Ilovever the efforts to isolate such a haemolysin base not been successful and the 
mechamsm of the production of baemoglobinuna ts still only partially understood 
The predisposing causes of an attack especially quinine have already been referred to 
It IS clear that an acute haemolysis of tbe red blood corpuscles occurs and that this 
liberates haemoglobin into the Uood attcam and this haemoglobin being excieitd by 
the kidney in turn results in haemoglobinuna One frequently finds cyl ndneal plugs 
of bghly albuminous haemoglobin eontainuig coagiula m the tubules of the kidneys 
FoUoning this haemolysis in the blood bibrubia and pseudo methaemoglobin may also 
appear in increased amounts in the blood strcim and account for tbe characterist c 
icterus of the disease Iiocbt believes there are 3 factors which produce the condition 
(li a haemolytic factor due to the nduciion of cbolestenn in the blood (s') a loss in 
its protective effect and (3) the administration of the toeic quinine 

Knshnan ( 938) who has earned out biological studies of the blood m cases of 
hlaekwater fever and in malarial haemoglobin ina finds that the total cholesterol 
figures were lower than the normal values wide tbe figures obtained for organic phos 
phorus were on tbe whole higher than normal These chances indicate that there is cot 
only a derangement of the fat metabolism but also prior to haemolysis there 1 an 
upxt in the 1 cithin fr«e<hole terol ratio The nature of the biocbenicsl changes 
described m monkeys prior 10 th onset of baemoglobinuna suggested that these changes 
may be the result of a profound injury to tbe liver Histological ecaminatieni of the 
liver and adrenals confirmed this hypothesis 

Ross m Rhodesia employed the van den Bergh reaction for bilirubin 
in 17 cases of blacknater fever and reported an indirect reaction varying 
from s 3 to $9 0 units (One unit corresponds to 0 5 mg per 100 cc ) 
Kingsbury also employing the van den Bergh reaction found that in 
90 pet cent of the cases of uncomplicated subtettian malana the serum 
bilirubin is above the normal figure which is never over 05 mg per 
100 cc and consequently urobilm derived from the serum bilirubin is 
found in pathological amounts m the urine of these cases In blackwater 
fever and in severe subtertian malaria this excessive bile leads to bilious 
vomiting Normally the bilimbm js excreted by tbe liver resulting in an 
increased flow of bile 

Kingsbury believes that usually in a severe case of subtertian malaria 
there is some haemoglobinaema or the liberation of free Inemoglobin 
into the blood serum but that this is immediately dealt with by the 
reliculo endothelial system while m blackwater lever the liberation of 
haemoglobin is so extensive and so rapid that the renal threshold for free 
haemoglobin is broken down and the pigment appears in the urine 
Even when haemoglobmuria occurs most o! the haemoglobin is broken 
up by the usual mechanism and only a relatively small portion (not more 
than one third) is excreted m the unne Yorkc hlurgitrovd and Owen 
have also demonstrated thil where there is an intravascular haemolysis 
of sufficient intensity to exceed the renal threshold for haemoglobm the 
blood pigment appears la the unne but that even in the most severe 
cases of blackwater fever never more than 10 per cent of extra corpuscular 
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Duren (1938) reports that the medical corps in the Congo is almost 
unanimous m looking upon chrome jalctparum malaria as the essential 
cause of haemoglobinuna the direct exciting cause being chills, privation 
overwork or quinine Those who take proph>laclic quinine regularly 
are very rarely attacked and there is generally in the cases of blackwater 
fever a history of a dose of quinine taken during an attack of fever by a 
person who does not take the drug prophjlactically Recently Nocht 
Stephens Christophers and other prominent malariologists have stressed 
again the malarial basis of blacknater fever and the importance of quinine 
as a precipitating factor m the haemolysis 
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Fairley and Murgatroyd (1940) ha\e reported a case with 4 recurrent 
attacks of mild blackwater fever induced m each instance by quinine 
Such attacks could be produced while the malarial fev er persisted How 
ever, for several months after apparent cure quinine therapy entirely 
failed to induce haemoglobinuna Their evidence suggested that the lytic 
agent acts directly on the circulating corpuscles and suggests a lytic 
enzyme or biological haemolysin may be implicated As noted above 
blackwater fever has been produced m patients by inoculating them with 
strains of subtertian malaria and a similar disease has been produced in 
monkeys by inoculating them with Piasmoitutn hnod.Us% 

Mechanism of Haemolysis —A scientific explanation of the mechanism 
by which haemoly sis is brought about is not yet possible It is conceiv able 
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that a haemoljsin may be free in the blood stream or bound in 
certam cells but it is not clear what suddenly frees it or precipitates 
Its action 

Dudgeon thought that haemolytic substances nere present in the tissues and unne 
However the efforts to isolate such a haemolysin have not been successful and the 
mechanism of the production of baemoglobmuria is still only partially understood 
The predisposing causes of an attack especially qiuniae have already been referred to 
It is clear that an acute haemolysis ot tbe red blood corpuscles occurs and that this 
liberates haemoglobin into the blood stream and rhis haemoglobin being e creted by 
the kidney in turn results in haemoglobinuna One frequently finds cylindncal plugs 
of highly albuminous haemoglobin containing coagula in the tubules of the kidneys 
Following this haemolysis m the blood bilirubin and pseudo methaemoglobm may also 
appear in increa ed amounts m the blood stream and account for the characteristic 
icterus of the disease Nocbt believes there are 3 factors which produce the cond tion 
(i) a haemolytic factor due to the reduction of cholesterin in the blood (3) a to s in 
its proteeti e effect and (3) the admimsiration of the toxic qu nine 

Knshaan (1938} who ^s earned out biological studies of the blood in cases of 
blackwater fever and in malanal haemoglobinuna finds that the total cbolesierol 
figures were lower th u tbe normal values white the figures obtained for organ c phos 
pboruswereoDthewholebigberthannonnal These changes indi ate that there is not 
only a derangement of the fat metaboli m but also pemr to haemolysis there is an 
upitt in Uu lecuhin (r«e<hoUstetol rat o The nature of the biocbemical changes 
dcKnbediB monkeys prior to the onset of haetooglobinuna suggested that these changes 
may be the result of a profound icjuty to tbe b>er Histological ezaminat ons ot the 
liver and adrenals confirmed this bypotbesu 

Ross in Rhodesia employed the van den Bergh reaction for bilirubin 
in 17 cases of blackwater fever and repotted an indirect reaction varying 
from 5 a to 59 0 units (One unit corresponds to o $ mg per loo cc ) 
Kingsbuo also employing the van den Bergh reaction found that in 
90 per cent of the cases of uncomplicated subterlian malaria the serum 
bilirubin is above the normal figure which is never over 05 mg per 
100 cc and consequently urobilin derived from the serum bilirubin is 
found m pathological amounts tn tbe unne of these cases In blackwater 
fever and in severe subtertian malaria this excessive bile leads to bilious 
vomiting Normal!) the bilirubin is excreted by the liver resulting in an 
increased flow of bile 

Kingsbury believes that usually m a severe case of subtertian malaria 
there is some haemoglobmaemia or the liberation of free haemoglobin 
into the blood serum but that this is immediately dealt with by the 
teticuln endothelial s)stem while tu blachwater fever the liberation of 
haemoglobin is so extensive and so rapid that the renal threshold for free 
haemoglobin ts broken down and the pigment appears m the urine 
Even when haemoglobinuna occurs most of the haemoglobin is broken 
up by the usual mechanism and only a relatively small portion (not more 
than one third) is excreted m the unne Yorke Murgatroyd and Owen 
have also demonstrated that where there is an intravascular haemoHsis 
of sufficient intensity to exceed the renal threshold for haemoglobm the 
blood pigment appears in the urine but that even m the most severe 
cases of blackwater fever never more than 10 per cent of extra corpuscular 
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haemoglobin js excreted by this route They believe the rcmam 
ing 90 per cent at pigment has to be dealt with by the liver and 
reticulo-ecdothchum 


Toafick has earned out tnany eipenmeiHa lo see what the ccncentratioa of haemo 
globin »a the blood must be before rt a eseteted by the kidneys into the unne The 
results showed considerable udividua! vamtioQ but m alt the positive cases the serum 
appeared quite pink w color According to Pierce the bfood must contain at one tune 
more than oo4 gm of free hiettaoglohin per kilo of body weight in order to produce 
battnoglobinuna in man 

Plehn suggested the idea that there eusied a supersensitiveness of the patient to the 
protein of the malarial parasite from repeated febrile attacks and that when this super 
sensitiveness was attained to a sufficjently high degree further destruction of quite a 
small number of parasites might sec (m more such protein and precipitate the attack 
of blackwater (ever Hence he argued that the haemolysis takes place in the kidneys 
causing a great disturbance in their /unction The kidneys being no longer able (0 
excrete bibrubin this becomes present in ibe blood in blackwater fever cases ffotr 
ever {Plehn s hypothesis that the pntnaiy lesions lay in the kidney and that blood 
escaped directly into the unne where it nas laked owing to the absence of salts and 
urea has been discarded 

DeLangea (tpjS) m agreement with riehn but in contrast with other recent work 
believes also that the haemolysis doea not take pbeetn the blood stream Since there is 
very little free haenosl'^bio in tbe circulalioii and since the kidneys throw out such 
tremendous amounts of it he thinks that the erythrocytes must be destroyed u the 
bdoeys The appearance of urobibn is etplai&ed on the auumption that the erythro 
cyteiare also brokeo down in the liver and sptero and that tbe liberated baenoglobiR 
IS converted dtcectly into urobilin though it isconceiied possible that a portion of the 
bilmibui nay be formed extra bepaticalty to (be kidneys for instance 

^Vltb reference to Plehn s theory «( superseositisenets Fenin NQnez (i9jd) has 
assembled evidence to support the theory that the attack is an acute ef/ergic mclift 
to the oiafami protein He prepaced an antigen by concentrapng parasites by Bass and 
Johns cnethod and adding o 4 per cent (ormatin and tested hypersensittveness by lutra 
cutaneous istections of o a cc la « group 0/ 410 individuals of white or mued blood 
who had lived in an endemic area in ^lombia for 6 months or more and who bad had 
aestiva-«ututanal malaria he obtained 16 positue reactions (a local area of mOammatioo 
appearing within JS hours) After these hypersensitive cases bad been sent to a non 
malsfsal district 00 further cases were observed 10 the comtnuiuty 

MacGUcfanst earlier advanced the idea that blackwater fever was 
brought about by a state of acidosis m an individual witb a damaged liver 
plus malaria and the admmtslratioR of acid salts of quinine He thought 
that one can safely give qumme when alkalis are being given and that 
quinine base is protective against haemolysis 

Fairley and Bromfield (1934) after extensive studies have produced 
evidence suggesting that the haemolyUc agent in blackwater fever arises 
from some metaplastic breakdown rn malignant malaria which is pre 
cipiUted by tbe administration of qumme or piasmochin The corpuscle 
becomes fiwt lysed and second the liberated oxyhaemoglobm is converted 
into methaemoglobin and otlier pigments Apparently tins haemolytic 
agent may be present in s anable quantity in different cases and at different 
stages of the disease The observaUons of MacGilchrist that an acidosis 
IS developed has been confirmed The plasma bicarbonate shows some 
times a defimte increase and there may be a definite lowering of the alkali 
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reserve associated witb urea retention WTiile acidosis is apparently 
usuall) present Ross m the study 4 cases ol the disease in Rhodesia 
found no evidence that an acidosJs existed 

With teleceoce lo (be further devcl»(>ziitnt of tlie disease «nd the changes in the fcid 
neys Baker and Dodds found that tn raWitls injected with haemoglobin the 

unne with a fU of 6 0 or leu and a concentration of NaO eaceedins i per cent in the 
tubules fivoced the formatiua of raeUuetaoebtua fram ozyhiemoglobin sad ultimately 
of acsd baematiQ which they hebesed cunsututed the precipitate Uockang the luznina 
o{ the tubules When the urme was made atkakce the oxyhaeieoglobm rtmainecl 
unchanged and was passed as such without renal damage reiuSting Ross (toji) gener 
ally coafinned this expenmental work is blackwatcr fever but recorded certain aooraa 
lies such as the presence of oxyhaenrnglobin to the unne with a pSI of 5 s the pres 
ence of both methaemoglobm and oiyhaemoglobio m unoe with a ^11 of & g He found 
the amount of urea ui the blood invariably raised especially in cases wsth threatened 
tuppeessioa o1 unne 

\ orlce has also shown that the blood urea commonly rises tn uncompli 
cated cases of blackwater feter to 6s mg percent on the fourth day of the 
disease Fairley ifl severe toxic cases abo observed a tendency for a rise 
in blood urea to take place when percentages between a? and s« mg per 
cent were obtained 

Plasma Pigments — \orke Murgatroyd and Owen (rpyo) and Fairley 
and Btomfield {xqyjl by an improved lechatque for quantitative esti 
Illation concluded that maUrta ts unaccompanied by haemoglobinaemui 
though they thought it might be found in cases of primary by'permfection 
pioducing severe anaemia and tntense jaundice Voigt (t^ySl in the 
course of work upon the etiology of bbekwater fever has osamined a 
number of cases of malignant tertian malaiia with respect to the haemo- 
globtB content the true plasma la the 17 cases of malignant tertian 
malaria studied in at! of which P falcsfarum was found ta the blood 
9 showed no haemoglobin in the plasma 4 showed traces and the remain 
ing 4 from as to 60 mg per 100 cc In no case was methaemoglobiti 
aemia observed In 25 control cases (with aomaJana) in only 9 was oxy 
haemoglobinaemia detected in amounts between s and f9 mg per 100 cc 
of plasma and none had meChaensoglobinaemia 

These recent observations are m agreement with the opinion that 
there is little or no evidence that demonstrable haemoglofainaerma occurs 
in the ordinary malarial paroxysms Kevcrtbeless haemoglobmaemia is 
present in blackwaier fever and this either directly or indirectly is the 
source of the different blood pigments whidi appear in the unne in this 
disease 

Regarding the haemoglobmaemia la blackwatcr fever Fairley and 
Bromfield {1937) m theu quantitative studies in a large senes of cases tn 
London and Macedonia invariably fmind toxic bacmoglobm in the 
plasma in significant amounts provided specimens were collected at a 
time when haemoglobiauna was still present The maximum quantity 
observed was 5*2 mg per 100 cc or 3 77 per cent (Haldane s scale) In 
view of this massive blood destruction ’korke commented upon the 
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small amount of blood pigment actuaUv demonstrable in the plasma and 
suggested that the relatively low plasma haemoglobin values in black 
water fever might be due to the haemolysis taking plate in the sinusES 
of the spleen and liver the haemoglobm reaching the blood stream mote 
slowly than in Babesia infection of dogs where as much as li per cent of 
extra corpuscular pigment had been observed Yorke has also raised 
the quc'>tion nheihet the hypertrophied reticulo endothelial cell system 
may not play a roll in the haemolysis 

In addition to the presence of oxyhaemoglobin methaemoglobin has 
been recorded in hlackwater fever by various observers However, in 
1934 Fairley and Bromiield reported a new pigment closely allied to 
methaemoglobin in the plasma of a patient with blackwater fever over a 
period of 10 days and more recently (1931) they found that this pigment 
was mvatublv present in all the more severe cases of blackwater fever 
studied in Macedonia It is a brownish pigment resembling methaemo 
globin spectroscopically and not reduced by Stokes s reagent or ammo 
mum sulphide though it contains a tnvaicnl iron molecule tVhde the 
spectrum has the general appearance of methaemoglobin, the bands are 
shifted It IS a non threshold substance and hence does not appear id 
the utvnt 

They showed that this pigment had been eroneously recorded as 
methaemogtobm by all previous workers on the subject and named it 
pseudo methaemoglobm Subsequently it was termed methaemalbumm 
Quantitative observation based on the eaiinciion coefficient of the two 
pigments indicates that the maximum concentration of pseudo methaemo 
globin is attained later than that of otyhaemoglobin while in fatal cases 
its concentration often progressively rises until death whereas that of 
oxyhaemoglobm falls Graphs of such cases indicate that the new pig 
ment originates from extra corpuscular haemoglobin Though on direct 
spectroscopic etammation its spectrum clos^y resembles that of methae 
moglobin the new pigment can readily be distinguished by examination 
on the Hartiidge reversion spectroscope set against artificially produced 
methaemoglobin when the alpha band m the red is found to be displaced 
nearer the blue end of the spectrum The alpha band of methaemoglobin 
IS 6300 A where4S that of pseudohaetnoglobin approximates 6230 A 
In addition the behavior of the two pigments to certain chemical reagents 
IS quite different Pseudo methaemoglobin cannot function as a respiia 
tory pigment It is never found within the corpuscles nor does it appear 
in the urine m demonstrable quantities Tlie view that it is derived from 
otyhaemoglobin only after its liberation from red cells is borne out by 
etpenmcntal evidence 

Believing that this pigment was peculiar to blackwater fever, Fauley 
and Btomfield postulated that the plasma of this disease must contain 
some peculiar substances of metabohe ongiu responsible for its formation 
from extra corpuscular haemoglobm "nie results of their experureats 
to test this hypothesis have indicated that the plasma has the power of 
producing pseudo methaemoglobin directly or indirectly from extra 
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corpu«u!ar haemoglobin and suggest that m severe inlrav ascular haemolj 
SIS from any cause pseudomethaemoglobm nould be produced 

Hie subsequent stages ol katabr^ism oi pseudo roethaenioglobm are 
unknown but presumably it is adsorbed from the circulation by the 
reticulo endothelial cells following which the haemoietj is converted 
into the iron containing pigment haemosidenn and the iron free pig 
ment haemobilirubin 

Fo> and Kondi m Greece have confirmed the occurrence of pseudo 
mcthaemoglobin in the plasma and semm of blacknater feier Methae 
moglobin was found in the unne but never ui the serum They also 
found roethacmoglohin but not pseudometbacmoglobiti in the blood 
of a patient SMth cyanosis resulting from plasmoquine The methaeino- 
globia was intracorpuscular and never appeared m the scrum which is m 
contrast with the pseudomethaemoglobm of blackwater fever which is 
always free in the scrum 

Kewitt (1938) who has investigated the structure of methaetnaibumm 
fpseudo-iBelhaemoglQbin) found it to be a peculiar baeroogiobin derivative 
with a normal prosthetic group but the globin portion of the molecule 
modified It could be produced artificial!) by the addition of the serum 
to alkaline hteinatin However it was not certainly determined whether 
the pigment is merely a combination of haemaim and serum albumin 
He found that several proteins including crystalbumin globogl)coid 
and seroglycoid are contained m the albumin fraction and on adding 
haematrn to solutions of these different proteins Fairley and Bromfield 
found pseudomethaemoglobm was immediately found in the case 
of crystalbumin but not of the other two It seems cleat that the haetno 
iytic agent may be present in variable quantity m different cases and at 
different stages of the same ease 

Hyper biUrubmaeima — The presence of bile pigment m the blood 
plasma in blackwater fever has long been tecognued Piehu Christo 
phers and Bentle) noted that icterus was associated with intense yellow 
coloring of the serum The latter auihor also noted the absence of bile 
salts in the unne 

Attention has been called to the investi^tion of the van den Bergh 
reaction in cases of blackwater fever and to the fact that Ross Kingsbury 
Whitmore atvd Rowe have obtauwd vnditect reactions 

FiirteyandBronififid inasen sof mwvcrecMes fouoillhsttheiad ectreicUoBiQ 
S !iti! casts varied from j o to So j umts and m the n case* that recovered (ram j o to 
6 o units (i umt - o s/mg per 100 cc ) Tbe avenge maaimal read ngs for the total 
*«n s based on g6 mimatmn* was 1 4 uoils o( o 7 aig per 100 ec Hyper biU 
rubinemia cctiirred ui ail cases and a censidembte dtgr e of jaundite A hyper 
hilirubiDaeci a nas compatibl with eecoverf 

Dnnaiy Pigments — The pigments of especial interest of the unne are 
oiyhacmoglobin methaemoglobin unbibn and & brown pigment demon 
strable m the centrifuge dqwsit whidt rs generally regarded as acid 
haematin and responsible for the blockage of the renal tubules This 
last pigment however has aot the solubdrty of artificially produced 
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acid baematin and is difficult to investigate spectroscopically owing lo its 
insolubility The quantity of oayhaemoglobin present in the urine 
\aries considerablj in different cases It is presumed to originate from 
extra corpuscular circulating h3em<^g^obm The extra-corpuscular hae 
tnoglobin is filtered throu^ the glomerulus whenever Us concentration 
exceeds the renal threshold Us molecular rate of 68 ooo being apparenti) 
of aa order whioh ivould t«st permit ghaieralar BltrzUon Hon ever 
Yorke (1937) believes that bacmoglobin is secreted by the epiihchal cells 
of the convoluted tubules which are damaged in the process and undergo 
degenerative changes 

Methaemoglobiti is responsible for the black discoloration of the 
urine m black water fe\er and Us incidence varies with the reaction of the 
urine the tune the urine has been retained m the bladder and the period 
mter\emng between Us collection and etammatioa Contammation 
and amcQORiacal fermentation may lead to Us disappearance altogether 
through the formation of alkaline jnethaemoglobin which does not 
present an alpha band in the red portion of the spectrum However on 
acidification with acetic acid methaemoglobin reappears 

Fautey la laQit ot lus receat Mscedoaiaa senes found oiost of the blood pigtReBi 
preseot is the form of sethaemoglobin Values of from p to ^oj xog per 100 ce were 
found and «heQ. sauna was present even hieher concenlratiosi nere obtained On 
the other hand 10 the tnnsteni haemogfobiflunss especially those of children ih» 
pigment may neser be demonstrated 

The on£io of the melhaecnoeiobm in ihe unne has been disputed Fairley believes 
that it u formed from oxyhaemoglobia to the renal tubules and bladder rather than 
from the eiNulatmg blood ameethedneovety that methaemoglobmaeima socalledin 
blsckwater fever IS really a pseudo metbaemoglobinaenua Pseudo methaemoglobin 
(reethaematbutnin) has not been found m (be unne Yuile (iQ-ie) has given a cnucaf 
survey of the further eaperitnental findings relating to haemoglobinurta m aa attempt 
to reach a clearer understanding of these factota 

Paroi^smal Haemoglobinuna — is important to differentiate the 
blood changes in blackwater fever from those present in parotjsmal 
fcaemogfobmuna It may oe pointed out that the chief characters 0/ 
paroxysmal nocturnal haemoglobmuna of the Marchiafava type are an 
anaemia of the chrome haemolytic ij^pe associated with jaundice and per 
sistent haemoglobinaemia The accompanying haemoglobmuna occurs 
only or is most severe at night Ham (t^jy) and others have found that 
the red blood cells of these patients both tn vi!ro and »» tioo are abnor 
inally susceptible to haemolysis m plasma of increased acidity within the 
physiologic range of pH vanation Baue Israels and Wilkmson (1938) 
also found in the study of a case of this disease that autohaemolj sis could 
be demonstrated to utra and was shown to be dependent upon the pH 
of the sjratem The optimum pH for lysis was approximately 70-72 
and it could not be produced at a pH greater than 7 8 Autohacmolysis of 
whole blood will occur at 37 C without preliminary chiilmg cofd being 
the precipitating factor of the autohaemolj sis in another form of paroxys 
mal haemoglobmuna (Donath landsleiner reaction) It is suggested 
that the patient s red cells ate sensitive to a potential lysin present in 
normal serum The interaction between the patient s red cells and tbis 
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hsin js regarded as probably lespooMblc iot the clinical picture of the 
severe haemolytic anaemia with nocturoat haemoglobinuna Siam {1937) 
suggests that the slight decrease m the of the peripheral blood during 
sleep maj not entirely reflect the acidity of certam other regions of the 
bodj lie thought in, noctunial haemoglobmuria the destruction of 
the red blood corpuscles occurred withui the splenic pulp 

■Vorke has recentlj devised a test which is said to be valuable for the 
purpose of differentiating blackviater fever from parotysmal haemoglobin 
una Some blood is withdraum and the serum separated It is then 
cooled to the freezing point and subsequently nanned to 37 C In 
paroxysmal haemoglobinuna the serum then sho»s an active haemo 
lytic action of the patients red cells On the contrary this has not 
been found to occur in blackwaler fever cases In the serum of par 
oxysmal haemoglobmuria the immune body is greatly m excess of the 
complement whereas m blacJcwater fever the reverse is true Recent 
investigations by Donath and I-andstciner suggest that m paroxysmal 
haemoglobinuna (precipitated by cold) haemolysis takes place in the 
peripheral blood The suggestion of other investigators that m black 
water fever haemolysis may' occur particularly m the kidneys has already 
been teletred to 

Fairley and Bromfield (1939) m investigating the plasma pigments 
of cases of paroxy smai nocturnal haemoglobinuna on examination of the 
blood with the Hartridge reversion spectroscope have found the alpha 
band in the red portion of the spectrum to be colinear with the alpha 
band of pseudo methaemoglobm (6130 A) which they had previously 
demonstrated in the plasma from eases of bUckwater fever and to be 
quite distinct from that of methaemoglobm (63c* A) Futther w hile 
Stokes reagent ammonium sulphide (10 per cent) sodiujn fluoride 
hydrozme hydrage (50 per cent) and hydrogen peroxide (lo vols) 
dispersed the alpha band of methemoglobm immediately the alpha 
band of pseudo metbaemogiobin was found to persist m tlie presence 
of the first 3 reagents and only gradually to be dispersed by the last a 
Fairley concludes that there can be bo reasonable doubt therefore that 
the pigment in question 1$ pseudo metbhaemoglobm and not mechaemo 
globin as previously reported by a nuwber of other investigators in 
studying nocturnal haemoglobiaucia Fairley has more recently sug 
gesced the name of methaemalbumiQ for this substance 

In connection with the study of the etiology of blackwater fever the 
important investigations of Cameshek 1937-39 and Dameshek and 
Schwartz 1935 upon haemolysms as the cause of certain haemolytic 
anaemias should be carefully considered They found an active lysin in 
the serumof three casesolacutebaemoly tic anaemia This lysin possessed 
all the criteria of an immune body beirig inactivated by heat and reacti 
vated on the addition of complemeat Since the most fulminating 
case of the series showed very marked microspherocytosis with greatly 
increased red cell fragility and since this abnormality disappeared as 
the patient improved after s^icoeciomy the assumption was drawn 
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that the spherocytosis, and Uie increased fragility might be due to the 
action of haemolysin That this was the case was demonstrated by 
expenmental studies in which haemoIy«jns for guinea pig red cells were 
produced m rabbits and then injected into guinea pigs Acute fulmiaat 
ing haeraoglobinurea, acute haemolytic anaemia, and sub acute haemolv tic 
anaemia were produced at will depending on the single factor of dosage 
Epidemiology — There seems to be a general opin on that wheo 
malaria is kept m check by anttmaLinal measures blacLwater feicr 
usually becomes mild in character and may become rare or even extinct 
in a community It is often in those who are careless about these proph) 
lactic measures or who expose themselves to depressing influences as 
cold wet et essive fatigue ot alcoholic debauches, that blackwater is 
more likely to develop 



Over exertion leading to fatigue and chilling secnas to be one of the 
most common exciting factors Those in bad health from disease or 
lack of proper diet also seem more susceptible A peculiar feature 
regarding the disease has been reported namelv that it may be absent 
in a district for a number of years and then assume almost epidemic 
proportions It has been suggested Urat such outbreaks may depend 
upon the number of new amvals in the endemic region Thus it was 
noted that Chinese laborers who were imported for work on the Congo 
railway were especiallv attacked At one time race was considered to 
be an important factor as in Africa, Furopcans Indians and Chinese were 
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especiall> attacked while the Negroes were apparently immune Plehn 
howe\er observed serious outbreaks of blacknater fever among the 
Negroes from the Cameroon Mountains when they came to the coast 
from the interior Manson Bahr has called attention to the not infre 
quent occurrence of black water fever in apparentl> healthy persons who 
have arrived in England and who have come from malarious regions 
He explains these cases as probably due to the fact that the subtertian 
malarial infection is lying latent until aroused into activity b> exposure 
to cold or some other depressing influence 

A rough seasonal incidence of the disease has been noted It is 
especially frequent in late summer and in the autumn On the West 
Coast of Africa, it is reported most prevalent at the dose of the rainy 
season m August and September but in the highlands and m central 
Africa It usuallj reaches its height during the wettest months May to 
August when the lowest temperatures are reached In Greece the bulk 
of the blackwater fever cases occur m the period from November to 
February which is iougbl> 3 months after the peak for dinical malaria in 
that legion During the Great War cases of blackwater fever occurred 
among the troops in Salonika and in Palestine almost only during the cold 
or winter months In Macedonia it reached its height in Septembei- 
November 

Europeans are usually exempt from attacks during their first year in 
endemic tropical areas Dudgeon obtained a malarial history m e\er> 
one of a hundred cases observed by him in the Balkans 

Pathologv and Morbid Anatouv 
As a result of the excessive destruction of red ceUs the liver cannot 
convert the great amount of haemoglobin released into bile pigment 
so that haemoglobinaemia and haemoglobmucia result Severe red cell 
destruction as by toluene diamine m a rabbit may not be followed by 
haemoglobmuria In such a case phagocytosis of red cells may be the 
explanation It has been estimated b> Ponfick that if one sixth of the red 
cells are destroyed the liver is unable to dispose of the liberated haemo 
globm and haemoglobmuria results \ formerly damaged liver would be 
less competent Discussions as to autolysins and complement content of 
serum have arisen Knowledge on these points is deficient 

Dudgeon has reported active haemolysins in the tissues and urine 
of blackwater fever cases which he was unable to find in other conditions 
including malaria Other workers have failed to find haemolysins He 
obtained no evidence of increased fragility of the red cells and no evidence 
of auto haemolysis Bile pigment in the plasma occurred in most of the 
cases which ended fatally 

As a rule the pathological changes observed in blackwater fever are 
those associated with malaria They mdude renal congestion congestive 
enlargement of the spleen and hver and distension of the gall bladder 
with thick blackish bile and usually haemosiderosis of the spleen liver 
and kidneys Also sometimes hypertrophy of the bone marrow extending 
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into the long bones Whipple and others have pointed out that there 
may be congestion of the kidnevs ■ftith purple colored pyramids The 
kidnevs often show cellular desquamation and granular disorganuation 
m the comoluted tubules Granular eosinophil® material forming casls 
maj block, the straight and collecting tubules In the spleen the Mai 
pighiati bodies are often prominent and ^rplj nuilmed Very striking 
are the necroses of the Malpighian corpuscles of the spleen and local 
necroses of the liver which may occur Whipple considers that this 
speaks for a powerful circulating toxin in blackwater fever which is not 
present m malaria The spleen sinuses are sometimes distended and 
there maj be autoagglutination of red cells together with active phago- 
c> tic action of the endothelial cells In Dudgeon s opinion the presence 
of the Prussian blue reaction of haemovidenn m the liver spleen and 
renal epithelium is the most characteristic feature of blackwatet fever 
Fairley also emphasues the greatlv increased amount of this pigment in 
the parenchvma cells of the liver, spleen and kidneys Honever it mav 
be mentioned that this pigment may occur in any other disease where 
blood destruction is considerable It contains 17 per cent of iron and is 
probably the main form in which iron is normally conserved in the bodj 
for reutUization in the formation of fresh haemoglobin by the bone marrow 

The hver cells m the area of the central veins may show the most 
marked destruction either cloudy swelling or necrosis The gall bladder 
IS almost alv\a>s distended with bile which is viscid in consistency and 
often black in color There have been few quantitative observations 
made on the bilirubin content of blacLwater fever bile, but Fairley and 
Bromfield m 3 fatal cases found 1 9 i ^ and 2 45 per cent or from 4 to 7 
times the concentration usually found m normal cases Stercobilirogen 
and stercobilin which arc form^ directly from choiybiiirubm by bacteria 
are also markedly increased in the faeces and it is believed that it is absorp- 
tion of stercobduogen in excess together with the disturbed function 
of the overtaxed hvet which produces the urobilmuna, so characteristic 
in this disease The myocardium often shows fatty changes and the fat 
hpoid content of the adrenal mav be reduced krishnan (1937) has 
noted especially degenerative changes m the adrenal cortex in monkeys 
dying of P knoulesi inieelion The urme shows a reddish to black color 
and has a heavy ediment made up of granular debns hyalin and haemo 
globm tube casts with haematoidin crystals and only rarely a red cell 
Haematuna is not present With the spectroscope the absorption 
bands of methaemoglobin as well as of oxyhaemoglobin, may usually be 
observed Urobilin and albumin are usuaUy present in large quantities 

SYSIPTOilATOLOGV 

Onset of Symptoms — ^Thc onset of black water fev er is usually sudden 
\ny mcubation period is very indefinite Very few or none of Ae patients 
who suffer with blackwater fever coinidain of any serious illness or fever 
just before they pass black urine for the first time Foy has found the 
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vastmajoritj 70 to 8o per cent say that they felt a little out of sorts 
and took a large or small dose of quinine withm a few hours before passing 
black urine In the majority ol hts cases it seems clear that they were 
not suffering from the acute effects of malaria before they became ill w ith 
blackwater fever 

A Typical Case — In a person who has lived m an intensely malarious 
region for i or 3 years or even long after he has left such districts and 
who has had several malarial attacks there comes on what is considered as 
another malarial chill which may or may not be definitely connected with 
some resistance lowering influence such as exposure to tropical sun or 
ram or indulgence m dietary or other excesses or foUowmg in i to 6 hours 
the accustomed dose of qumine This chill howev er is more prostrating 
than tho e formerly experienced and upon passing his urine the patient 
notes Its reddish to black coffee color and may make the diagnosis of black 
water fever himself The attack usually comes on suddenly with a very 
severe chill marked prostration and pain over the region of the kidneys 
The temperature m a typical case rapidly goes up to 104 to 105 F 
Rather profuse sweating accompanies the fall of the fever and the pitient 
15 markedly debilitated after the subsidence of the fever There may be a 
recurrence of the paroxy sro the following day The fever course howev er 
may be mote or le scontmuousorremitteut In other words it tends to be 
irregular and atypical 

Nausea and bilious vomiting due to excess of bile come on early with 
epigastric distress Almost as patbognomonic as the baemoglobmuna is 
the early and intense jaundice this comes on within d few hours or 
almo t simultaneously with the haemoglobmuiia and usually lasts for 
3 or 3 days after the haemoglobmuria and fever have ceased Itching 
of the skin during the jaundice is not noticeable The spleen and liver 
are often enlarged and tender Albuminuna comes on with the haemo 
globmutia and from o 1 to o 4 of i per cent of albumin by weight may be 
present 

The pulse usually is rdpid no to iso from the first but soon becomes 
feeble and of low tension In severe cases the very rapid almo t thready 
pulse with pallor and cold extremities may resemble a severe haemor 
rhage Epistaxis is not uncommon A very unfivorable svmptora seem 
to be hiccough A frequent cause of death and one against which we 
chiefly direct our therapeutic measures is anuria with subsequent uraemit 
symptoms coma and convulsions At tunes a nephritis may develop in 
the course of a blackwater attack and the case subsequently run as one of 
severe nephritis 

Very sinking is the rapidly developing anaemia some cases showing a 
diminution of two million red cdls pet emm in 24 hours The mind j 
usually clear throughout an attack the patient showing restlessness and 
marked anxiety In mild cases the fever course and haemoglobinuria is 
over within 24 hours leav mg the patient far more prostrated than would 
a malarial paroxysm Inseverecases however the fever runs a remittent 
course over several days with more marked haemoglobinuria and jaun 
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dice There may be cases whtdi only show haemogiobmuna These 
ap> retie cases ha\ e been considered by some as quinine haemoglobinuna 

Symuoms m Detail 

Feticr Coa«e — This resembles that of a malaria! paroxysm and may be 
intermittent in character or last several days as a remittent fever Tb 
rigor which accompanies the febrde rise ts intense At times successive 
paroxj sms of chill feier and haemoglobinuna suggest a relapsing type of 
fever 

Tht Lntr and Spittn — As a result of the marked blood destruction 
the liver is unable to dispose of the haemoglobm outpouring and icterus 
which usually comes on m a few hours and i<i intense js almost constant 
together with epigastric distress, bilious vomiting and tenderness and 
slight enlargement of the l«cr The spleen a also usually somewhat 
enlarged and quite tender Ihcie are cases of a subacute type, where 
jaundice and dark colored untie are pronounced but with only moderate 
fever and but slight gastric and nervous sjnptoms 

Tht CxTcnlaion 5 >Jfem — At first the pulse is rapid with high tension 
but soon It becomes neak compressible and of Ion tension In severe 
cases It may have a rate of 150 or more or even become thready 

Th« Ctnito iirvtary Syslem — The dark colored urine is pathognomonic 
of the disea«e and gives it its name Tbe reddish to almost black color is 
due to haemoj,!obm or siefhaemoglobm and not to bi!e However bile 
pigments appear in the urme There is but rarely a red cell to be found 
in the granular debris with occasional baematodin ci> slats which forms 
the urinary sediment hi.nce a condition of haemoglobinuna and not of 
haematuria exists 

The unne resists decomposition for a long time Albumin is present 
m large amount and comes on with the onset of haemoglobmuru Casts 
are abundant and utobilinuiia is marked As a result of the blocking up 
of the renal tubules w ith haemoglobin casts pain over the loins and anuria 
may occur There mav be vesical tenesmus 

Cases of pregnancy with blackwatec lever have been reported by 
Stephens 11937), Thompson (1939) Thomas and MiUen (1039), and Fo> 
and Kondi (1941) Only in the case of Foy and K.ondi was the baby 
available for necropsy T be mother was given i gm of quinine bihvdro 
chloride fay intramuscular injecftoB on the sixth of Aovember Twenty 
nine hours after the quinine injection she first passed black unne and 
continued to do so for several days On the ninth of November she gave 
birth to a 7 months baby which died 3 hours after birth The placenta 
was intact and appeared normal The blood from it contained innumer 
able /i2'c7p(2i'Ufn schizonts No malarial parasites or pigment were found 
jn tbe infant s blood or spleen Although the mother s blood contained 
tncthaemalbumin there was no trace of jt in tbe child s blood and it 
seemed evident that this pigment does not pass from the mother a>.ross 
tbe placenta to the child It has already been noted that this pigment 
does not normally pass across the kidney to be excreted in the urine 



BLA.CKWATEK SEVER 155 

The Blood — Cases have been reported where the red cells have been 
destroyed so rapidly within 24 hours that the count has fallen from five 
million to two miCion per cmm thus producing the rapid and marked 
anaemia that characterizes the disease Manson Bahr reports cases in 
which the red blood cells may number only one million and in which there 
IS an excessive leukopenia with haemoglobm not over 10 per cent and an 
appearance of microcytes and megaloblasts m the blood 

The blood is usually thin and the serum tinged The degenerative 
changes of the red cells are not as commonl> seen as one would expect but 
this IS probably due to the fact that degenerated cells are first destroyed 
in the excessive haemolysis Anisocytosis and poikilocytosis may be 
present Melaniferous leucocytes may be found and during the leuko 
penia which follows the paroxysm the large mononuclears and transi 
tionals may be increased to 20 per cent However during the attack 
the leucocytes may definitely increase while in recovery the blood may 
contam numerous reticulocytes There is a reduction m the alkalinity 
and coagulability of the blood Haemoglobinaemia is common but not 
always found and may disappear early m the attack Normal plasma 
not serum shows a haemoglobinaemia equal to i part red cells in 400 parts 
water Pseudo methaemoglobm is especially prevalent in severe cases 
In fatalcases it oftenrises progressively until death Hyper bilirubinaemia 
18 common with an indirect van den Bergh reaction varying from 5 to 
88 units Normal serum contains o 2-0 5 units of bilirubin 

Diagnosis 

Cluucal Diagnosis — An unusually prostrating paroxysm similar to 
that of a malarial chill but with more intense rigor during which haemo 
globmucia early jaundice and marked bilious vomiting are features 
suggest the diagnosis of blackwater fever The two diseases which are 
most likely to be confused with blackwater fever are yellow fever and 
bilious remittent malarial fever 

In Weils disease the jaundice does not appear for 48 to 72 hours 
The pulse is slow there is no haemoglobmuna although there may be a 
haematuria and there is a polynuclear leucocytosis which may not occur 
m malaria The van den Bergh test is often of value in differentiation 
A case of paroxysmal haemoglobmuna occumng in a blackwater district 
may be impossible to differentiate from a very mild case of Blackwater 
fev er The means av ailable for differentiation have already been referred 
to p 148 Obviously any substance causing rapid haemolysis of 
blood may piciduce haemoglobmnm as dilorate oi potash carbolic acid 
poisoning arsenmretted hydrogen snakebite or severe burns Fits has 
seen it develop in patients receivmgphenylhydrazme for the treatment of 
polycy themia 

Diagnosis 

Laboratory Diagnosis — In the laboratory one may note evidences of 
malarial mfection rapid reduction m red cell count and haemoglobin 
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percentage According to the studies ol Foy (1938) examination of the 
blood obtained by splenic puncture or from bone marrow puncture has 
been found to be no more valuable than the examination of the peripheral 
blood for the discovery of parasites 



BUckwater fever 

keUove fever 

Bilious remitteot 

Onset 

Sudden but astbenic 
nith marked ngor 

Sudden but astbenic 
for two or three days 

Comes on more slowly 

Lnne 

Haenoglobinuna 
Pink (oam to uruie 
Albuminuria Irom 
first day 

No blood in urine 
before jd or slh day 
and then haematuria 
Aibuoun from d 
day 

Bile in urine \el 
low froth on shakio? 
urine Albuminuni 
slight and not eom 
mon 

Zrteru* 1 

Early and intense 
Comes on in a (e« 
touts 

Does not appear be 
fore 3d day and 
gradually inteosifies 

Jaundice deieJop* 
slowly about sd day 

bpleeti j 

Somewhst eaiareed 
and tender ' 

No eolargemenl of 
spleen 

Splenic enlargement 1$ 
marked may have 
ague cake 

Pulse 

Rapid from start and 

1 becotUDg more so as 
disease progtesse 

Stationary pulse with 1 
rising temperature or 
falling pulse with 
atautoary tempera 
, ture (Fagetssign) 

Pulse not so rapid at 
tn blacknatei 

1 

1 

Vomit 

Early marked bilious 
SOBUting 

Mucus like followed 
by black vomit 
about 4tli day 

Bilious votmling and 
gastric distress less 
than m bUckwater 

Evidences of 
maUn& 

Frequently present as 
parasites or melam 
ieious leucocytes or 
increased l«r|;e 
mononucl ar per 
centsge 

Negative unless yel 
tow fever occurs in 
a malan^ case 

Some evidence at 
some time almost 
always obtainable 


It IS difficult to make good blood smears of the thin blood the coagula 
tion time of which is u ually delayed The allcalimtj of the blood is 
generally reduced The indirect van den Bergh and the spec troscopic 
changes of the pigments present (already discussed) also may be insesti 
yated The autoljtic reaction isof assistance in excluding other formsof 
baemoglobinuria In this test take sec oi patient s blood in a small test 
tube place on ive for 5 minutes then incubate at 37 C for i hour No 
change occurs in blackwater fev«' while la parotjsmal haemoglobmuria 
intense haemolysis results 
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In the unne there may be noted the granular sediment o{ debris of 
red cell destruction with haemotoidm crystals at times Red blood 
corpuscles may be entirely absent Spectroscopically on treating the 
brown urine with caustic soda there may be observed the absorption 
bands of reduced haematin (haemochromogea) The characteristic bands 
of oxyhaemoglobin in severe cases and of methaemoglobin m mild cases 
may also sometimes he observed Ammoaiacal fermentation through 
contamination of the specimen may lead to the disappearance of methae 
moglobm through the formation of alkaline methaemoglobin which does 
not present an alpha band m the red portion of the spectrum However 
on acidification with acetic acid methaemoglobin reappears Albumin 
is usuallj present m large quantity Urobilin is usually present in the 
later stages m large amount One can examine the urine for blood by 
the haemin crystals guaiac or beiuidm tests Burkitt has noted that 
his ca es of blackwater have shown a very acid urine with large amounts of 
acetone bodies 

pROCKOStS 

The prognosis is generally grave in severe cases It is especially 
dependent upon the amount of red corpuscles destroyed and whether 
the kidneys continue to function In cases of severe haemoglobinuna in 
which the urine is of a deep porter color the mortality is higher than when 
the haemoglobinuna is only mild 

Manson Bahr states that in southern Nigeria and in Algeria and m 
cases which have returned to London the case mortalitv has been as high 
as 50 per cent but as a general rule it may be estimated as about 25 per 
cent Recent statistics avadable during the year show that in 
Japan the mortality repotted by Akashi was 33 per cent by Rnshnan in 
Calcutta 20 per cent (all deaths in Bengalese) while Blackie in southern 
Rhodesia reports in a scries studied by Thompson a death rate of 23 per 
cent in 1054 cases and m another senes by Ross of 20 per cent among 
679 cases Diederick who formerly collect^ statistics of various authon 
ties found m cases which were treated by qumine a death rate of 25 9 per 
cent and m cases not so treated of 11 i per cent 

Marked and persistent vomiting and hiccough are very unfavorable 
signs In particular however it is anuna that gives us our greatest 
concern in the care of a case Fanley ays that an intense and progres 
sively increasing jaundice associated with a rapidly rising biluuhin curve 
vs undoubtedly ominous However he found that death might also 
occur with relatively low values of bilirubin and only a very moderate 
degree of jaundice In 7 fatal cases an indirect van den Bergh reaction 
ft as obtained varying from 5 o to 88 5 units A severe attack is followed 
by marked anaemia and convalescence is usually protracted 

A rate sequel is cholelithiasis due to the formation of biliarv calculi 
from mspissation of bile m the gall bladder a case of which has been 
repotted recently by Fairley and two by Manson Bahr Manson Bahr 
also points out that haemorrhage into the retina sometimes occurs and 
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he has seen a case of altitudmal hemianopia where there r\as total hlmd 
ness in the loner half of the visual fidd 

One attack of blacknater fever appears to predispose to a second 
attack, and m Nigeria second attacks or more have occurred m about 
20 per cent of the cases When an individual recovers from a attacks 
the third is generally fatal 

After the patient has passed through an attack of blacfcuater fever 
active regeneration of the erythrocytes takes place As a result there is 
sometimes marked polj chromasia and polychromatophilic stippling of 
the cells A larger number of normoblasts and of reticulocytes may 
appear in the peripheral blood This has been regarded as a very good 
prognostic sign since it indicates that the tiaemopoietic organs are active 
An increase of the mononuclear cells may also occur 

Prophylaxis and Treatment 

Prophylaxis —The view now generally entertained is that where 
malatial prophylaxis is property carried out there should be little if any 
blackw ater fc\ er In persons who have had a previous attack of black 
water fever and with whom quinine prophylaxis is decided upon quinine 
tannate or quinine base may be used, as it has been suggested that the«e 
preparations have a less destructive action on the blood corpuscles than 
the acid salts of quinine Some prefer treatment with atebnn 

In particular any exposure to chilling influences or conditions which 
loner resistance should be avoided Blackwatcr fever is more prevalent 
among those who have resided for 2 or 3 years m highly malarious tropical 
regions than among recent arrivals hence the former should especially 
exercise great care as to errors m diet alcoholic excesses exposure to wet 
and irregularity in quinine prophylaxis 

Treatment — There is little unanumty of opinion as to the advisability 
of giving quinine during an attack of blackwatcr fever At present the 
possible danger of precipitating blackwatcr fever by the administration 
of quinine constitutes one of the chief responsibilities m the treatment of 
cases of malaria and especially of Caucasians m severely endemic malan 
ous districts It is on account of Ibis danger that one cannot give definite 
advice for its treatment It seems clear that in many individuals large 
doses of quinine may exercise a certain amount of destructive action 
upon the red blood corpuscles and disturb the physio chemico fiaemo 
globin red blood corpuscle balance When the toxic influence of the drug 
IS added to that of the parasites produaog the disease it maybe that tbeir 
combined effect will result in a sudden extensiv e liberation of haemoglobin 
which might not have taken place bad the quinine been withheld It 
has been said that quinine base may exert a less haemolytic influence than 
the acid salts of quinine and it has also been suggested that atebnn is 
even superior for use m this connection However, a number of malariolo 
gists believe that the action of atebnn in influencing the onset of black 
water fever is probably the same as quinine 
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It has been argued that any red cells containing parasites will almost 
surely be destroyed in the general haeinol>sis and with them the parasites 
they contain o that it may not seem reasonable to give quinme during 
the first day or two of the attack 

Bastianelli gave the following rules as to the use of quinine in haemo 
globmunc fever (a) If haemoglobmuna occurs during a malarial par 
ovysm and parasites are found in the blood quinme should be given (f>) 
If parasites ate not found in the blood quinine should not be given 
(c) If quinme has been already given before the haemoglobmuna has 
appeared and no parasites are found its use should be suspended but if 
parasites persist it should be continued 

DeLangen believes that while we may now and then hav e a haemolysis 
set up by the quinine this never presents a dangerous picture clinically 
and IS certainly never fatal He believes that m general the fear of 
using quinine iq a case of blackwater fever is grossly exaggerated and 
sometimes proves dangerous to the patient If quinine is given by 
mouth It should be administered cautiously so as aot to produce or 
increase nausea or vomiting Manson Bahr prefers treatment with full 
doses of atebnn How e% et he suggests that if this drug is not av ailahlt 
small doses of quinme i gr twice daily should be given Such small 
doses are of doubtful value m the treatment of the malarial infection in 
adults 

Absolute rest in bed avoidance of chilling and good nursing are 
prime considerations in treatment The patients should be given alkaline 
waters freely as Vichy or water containing 30 grams of bicarbonate of 
soda to the pint Adequate water excretion and the production (if 
necessary) of an alkaline urme is of importance in preventing the blockage 
of the tubules w ith haemoglobin infarcts and debris (see below) Cracked 
ice often tends to lessen the nausea and vomiting Albumin water or 
barley water ma> be retained better than milk or broths As the condi 
tion IS so asthenic one cannot disregard the nourishment of the patient 
during the first 2 or 3 days as is true of the asthenic first stage of yellow 
fever Return of haemoglobmuna is often noted when regular diet is 
allowed for which reason fruit juices broths or milk should be continued 
well into the convalescent penod 

Hot fomentations to the loms are indicated for relief of pain and the 
effect on the renal congestion Salme enemata are of particular value 
and may suffice in mild cases In more serious ones proctoclysis by the 
Murphy drip method of givmg fluids by rectum has been highly recoin 
mended for its effect upon the circulation and kidneys In severe cases 
subcutaneous or mtravenus salme injections may be advisable Sorel 
recommends the mtravenus injection of lactose or glucose solutions in 
quantities of about 300 cc (CrystalUaed glucose 47 grams water 
1000 cc or C P lactose 92 5 grams water 1000 cc ) He also uses these 
sugar solutions as enemata 

kfanson Bahr has also found valuable mtravenus injections of 5 per 
cent glucose m warm saline a pint at a time If there is threatened 
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suppression of the urine dry cupping or beat fomentations over the loins 
maj be employed and cafTemc citrate *gr aday maylegivenasaWand 
diuretic \s there is certain clinical and experimental evidence to mdi 
cate that suppression of urine >s much less likely to occur if the urine is 
aikahne sodium citrate together with sodium bicarbonate may be given 
until an alhalme reaction of the unne is obtained It is sometimes 
necessary to give as much as j drachm of sodium bicarbonate at 4 hourly 
intervals In very severe cases intravenous infections of sodium bicar 
bonate ijo grains to a pint of distilled water^ mav be administered 
Hanschell has advised that not more than one pint at a time (500 cc) 
should be injected on account of the danger of bringing about an oedemat 
QUs condition of the lungs High rectal enemata of hot water will some 
times give rise to diuresis BurkiU has reported excellent results by the 
intravenus injections of alkaline salts while Hcarsey also advocates a 
mixture in which there la to grams bicarbonate of soda to 
bichloride of mercury m each dose, to be given every 3 hours For the 
urinary suppression Wallace particularly recommends salines as hot as 
can be born, administered high m the colon by a double flow tube Since 
he found this treatment effective after intravenus and rectal injections had 
faded, it is inferred that the result^ obtained were due j^articularli' to the 
action of the heat applied to the splanchnic area rather than to the further 
administration of fluid 

Turpentine stupes and mustard plasters to the epigastrium may aid 
m control of vomiting Kestlessness may require minute doses of tnor 
phia Calomel m large doses has been recommended by some clinicians 
but it would seem more advisable onlv to ust calomel to keep the bowels 
open and then in small divided do’ies 

Antipyretics should not be used, because of their depressing action 
on the heart However, cardiac stimulants arc frequently indicated 
and caffeine is especially v atuablc both as a diuretic and heart stimulant 

Among special drugs that have been used, cholcslenn has been given 
in xs gram doses in suspension in thick roilk every 4 hours with the idea 
that It might be anti haemolytic Knshnan troy)) has found colloidal 
solution of cholesterol of some value in the experimental treatment of 
malarial infection m monkeys In the treatment of monkeys he has 
also obtained encouraging results with a combination of glucose ascorbic 
acid and cortm The use of coitin appeared especially important and 
was given to counteract degenerative changes observed m the adrenal 
cortex in fatal cases 

Transfusion of blood has been practised with good results though 
reports of such treatment in some cases has indicated that while temporary 
improvement may occur yet this may be followed hy a return of haemo 
globinuna Blackie (rpj?) has emploved blood transfusions for 5 veats 
upon 50 cases of blackwater fever lO ai of which the treatment was con 
trolled throughout the whole of the illness Fifteen of the 32 cases were 
treated m hospitals and the remaining m the patients home* Thirteen 
of the 1 5 hospital patients recovered and 6 of the 7 country cases Three 



deaths occurred in the patients suffering from anuria He believes that 
blood transfusion is an important life saving measure in this disease 
and that if its full value is to be denved it most be instituted in the early 
stages of the disease But while blood transfusion is not indicated in 
every case of black water fever it is especially useful m thf tosic poly uric 
and in the relapsing type of case and m post black. water asthenia How 
ever it is definitely contraindicated m totic anunc blackwater fever 
Manson Bahr believes that m severe cases transfusion of compatible 
blood should be employed from the moment haemolysis commences 
Considerable care must he exercised m grouping the blood as in a haemoly 
tic condition the corpuscles are prone to auto agglutination Boyle {1942) 
also emphasizes the value o! transfusion m the early stages of cases m 
West Africa Dameshek (1940) has pointed out the quick recovery that 
often follows a single transfusion of blood m haemolytic anaemias which 
indicates that normal erum contains an anti haemolytic factor 

As an 4id to recovery during convalescence neosalvarsan has been 
recommended Both DeLangen and Fairley point out that iron prepara 
tions are not indicated in this disease on account of the great amount 
of iron already available m the body Arsenic appears to be preferably 
indicated for the treatment of the anaemia which results 

Action of Synthetic Drugs — The possible action of synthetic drugs 
m producing attacks of blackwaler fever is of great importance The 
large amount of clinical data already available has faded to clear up this 
problem \ few years ago the successful use of plasmoquine in the 
treatment of blackwater fever was reported by Muhlens and Fischer 
Memmi and Schulemann Cooke and Willoughby and others Brosius 
however found that pl&smoquine does not prevent the development of 
blackwater fever 

Amy and Boyd {1936) in India appeared to attribute to the use of 
plasmoquine a notable increase of cases of haemoglobinuria in certain 
regions Owmg to its methacmoglobin producing action plasmoquine 
should probably be regarded as one of the specific drugs capable of bring 
ing on attacks of haemoglobinuria However Fairley and Bromfield 
emphasize that haemoglobinuria in blackwater fever is not an outcome 
of a single pathogenic process and that various pigments are produced 
in the disease It appears certain that methaemoglobinuna consecutive 
upon the use of plasmoquine is in part of inttacorpuscular origin whereas 
Fairley believes that m blackwater fever it is of extra corpuscular origin 
and that the haemoglobinuria which occurs is generally preceded by a 
change in the oxy haemoglobin after liberation mto the blood plasma of the 
latter pigment through haemolysis 

A few cases of blackwater fever following the use of atebrin in conjunc 
tion with plasmoquine have also been observed Bannerjee at Brah 
machan fi933) reported a case in which the attack of blackwater fever 
occurred after 5 days treatment with o 20 grm atebrin and o 02 gm 
plasmoquine per day Chopra and Chaudhun recounted a similar case 
after such treatment taken by the patient himself On the other hand 
Das Gupta has repotted a caseofblai^water fever which was successfullv 
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treated with atebnn in which quinine had not been successful and 
Manson Bahr 11938) considers atebim the drug of choice 

The use of atebnn m the treatment of blachw ater fever has also been 
eraphasued bv McNabb and Schwartz (1934) in the Philippines Gold 
blatt (1935) m South Africa, and Maldonado (1936) m Spam, and they 
have reported satisfactory results Howes er these observations do not 
afford evidence of the harmlessness of Uie drug in question as a possible 
factor m attacks of haemoglobmuria Afany cases of blacknater fever 
have also been treated with quinine, m which the patient’s life has been 
saved although it is generally recognized that this drug ma> conduce to 
the onset of blackwater fever in certain individuals Christophers 
has emphasued that the precipitation of btackvvater fever b> quinine 
seems to be independent of the normal tocic effects of this drug and except 
with certain definitely quinine haemoglobinuna susceptible individuals 
occurs in such an unpredictable manner that a similar effect with atebna 
could onh be eicluded as a result of a great deal of expenence So far 
cases of blackwater fever reported after the administration of atebnn 
have been few Foy observed 4 m Greece while Ciuca reported that 
iti a patient inoculated with P irou'wr, in whom a severe infection 
resulted a single dose of o 30 grm of atebrm was followed by an attack 
of melhaemoglobinuna which lasted 5 days In this instance also it i» 
neces ary of course to consider the distinction betneen the real black 
water fever methaemoglobmuru and that perhaps brought about by 
the drug due to its tnetbaerooglobinuin^ effects as mav occur svith 
plasmoquine 

Manson Baht (1040) notes that blackwatet fever may eni»ue after a 
course of atebrm, as has been noted by several observers He has seen 
one striking case of this, but believes the general impression prevails 
that It is of less frequent occurrence than after quinine 

There seems to he general agreement that especially when used 
unsvstematicallv all antimalaru drugs are apt to d sturb the phvs^ 
chemico Hb red corpuscle balance in the organism which is already 
invaded by parasites and may already have been tendered susceptible 
bv otherpithological factors Hence having mview themclhaemoglobin 
producing action of plasmoquine and the few reports of cases of haemo 
globinuria following the use of this drug together with atebnn p'asmo* 
qujne should certainly be avoided m individual treatment of any cases 
in which the condition or history of the patient would contraindicate its 
use The question of to what extent atebnn can be safely used m the 
treatment of blackw ater fever 1 still uncertain Some authonties believe 
that the action of atebrm in influencing the onset of blackwater fever is 


probably the same as qumme 

A few reports have been made that liver extract appears to be of great 
benefit if given with atebnn (Chandier, 1940) 

In connection with treatment it should be emphasized that it is 
esneciatiy dangerous for a person who has had one attack of blackw ater 
fern to return to a country where malana prevails It has al 0 been 
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found dangerous to transport sudden]}' froro the tropics to a coldcUnulc 
a pitient who has had an attack a! Wact'flratet ie\er 

Circular Lettw No 56 War Dept Office of Oie Surgeon CeneiaS V-ashioglon 354* 
recommends Uie tollovking t ttimtnl 

(i) De \0T |iee im r t aitS tne unit! await cence {rom the attack of black 
water fever is estiblished. 

(t) kbsotute rest in bed Keep psuenl warm 

(j) Give a isinimum of 2000CC ol ihuds per day inticb more if possible 

(4) During tbe period of vonutiog if unne is acid or asuna rristi give 1000 ic of 
coimid tahne or of 5 per rent glucose 'Tbis can be repeated after 12 bou a if uriae 
remains aci«l 

(3^ Vihen somilins as coatroltni give sodium bicarbonate 06 gram (10 grams) 
by moutb every s to 2 bouts until tinne is atkabre to litmus tbereafter give only if 
u tie becomes acid 

W) If unable to void eatbeterize every a bone* in o det to deterrame urine output 
and reactuin to litmus 

(7) For severe anemia give transfu tons repeated daily as Deeded 

(5) After conva escence is establ sbed d plasmodis are present in the blood give 
aubtvnt 0 t gsasii three times daiiy 5 da>» Watrfi foe ecu ence of h mogSo- 
binuria as aU* nne has occasionally ptecipitated an atiack 

Pr«i if n— (t) T eat ever/ case of cstivo autumnal molaria to complete euce 
(s) Recurrence of biackuater fever »*common especially in the «of ic* Send patient 
to temperaU tone if possible 
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treated with atebnn m which quinine had not been successful and 
Manson Babr (1938) considers atebnn the drug of choice 

The use of atebnn m the treatment of blackwater fever has also been 
emphasized by McNabb and Schwartz (1934) in the Philippines Gold 
blatt (1935) in South Afnca and Maldonado (1936) in Spain and they 
have reported satisfactory results However these observations do not 
afford evidence of the harmlessness of the drug in question as a possible 
factor in attacks of haemoglobinuria Many cases of blackwater fever 
have also been treated with quinine in which the patient’s life has been 
saved although u is generally recognized that this drug may conduce to 
the onset of blackwater fever m certain individuals Christophers (1937) 
has emphasized that the precipitation of blackwater fever by quinine 
seems to be independent of the normal toxic effects of this drug and except 
with certain definitely quinine haemoglobinuria susceptible individuals 
occurs in such an unpredictable manner that a similar effect with atebnn 
could only be excluded as a result of a great deal of experience So far 
cases of blackwater fever reported after the administration of atebnn 
have been few Foy observed 4 in Greece, while Ciuca reported that 
in a patient inoculated with P knoulesi in whom a severe infection 
resulted a single dose of 030 grm of atebnn was followed by an attack 
of methaemogiobmuria which fasted 5 days In this instance also it « 
necessary of course to consider the distinction between the real black 
water fever methaemoglobinuna and that perhaps brought about by 
tbe drug due to its metbaemoglobinizmg effects as may occur with 
plasmoquine 

Manson Bahr (1940) notes that blackwater fever ma> ensue after a 
course of atebnn as has been noted by several observers He has seen 
one striking case of this but believes the general impression prevails 
that It is of less frequent occurrence than after quinine 

There seems to be general agreement that especially when u«ed 
unsystematically all antimalana drugs are apt to disturb the physio 
chemico Hb red corpuscle balance m the organism which is already 
invaded by parasites and may already have been rendered susceptible 
by other pathological factors Hence having in view themethaemoglobm 
producing action of plasmoquine and the few reports of cases of haemo 
globmuna following the use of this drug together with atebnn plasmo 
quine should certainly be avoided in individual treatment of any cases 
m which the condition or history of the patient would contraindicate its 
use The question of to what extent atebnn can be safely used in the 
treatment of biackw'ater fever is still uncertain Someautfiorjlies believe 
that the action of atebnn in mffnenciog the onset of blackwater fever is 
probably the same as quinine 

A few reports have been made that liver extract appears to be of great 
benefit if given with atebnn (Chandler 1940) 

In connection with treatment it should be emphasized that it is 
especially dangerous for a person who has had one attack of blackwater 
fever to return to a country where malaiia prevails It has also been 
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found dangerous to transport suddenly from the tropics to a cold climate 
a patient who has had an attack of blacfcwater fever 

Circular Letter No 56 Wat Dept Office of the Surgeon General Washington «94J 
recommends the {oDouing i eelmenl 

(i) D AOr gire 9 in n atab nt uoti] convalescence from the attack of black 
iritet fever 15 establ shed 

(i) \bsotute rest in bed Keep palieot warm 

(3) Cue a minimum of aooocc of flurda per day much more if possible 
(e) During the period of voRRUng i( onoe is acid or anuna ensti give tooo cc of 
Borical sabne or cl j per cent glucose This can be repeated after tt hours if urine 
remaios acid 

(s'! When vomiting va conUotled gwe sodium bicathanate od geams <10 gtainsl 
by mouth every i to } hours ubUI urine is alkaline to litmus thereafter give only if 
u me becomes acid 

($} If unable to void catbeteceze every 4 hetirt m order to deteriome urine output 
and reaction to litmus 

{;) For severe aoctnia give transfusions repeated dath as needed 
(8) After cesvalescence n establ shed f plasmodia are present in the blood give 
atabrine »i gram three times daily fo $ days Watch for recurrence of hcisoglo- 
binuTis as atabrine has oceas onalty pieupiUled an attack 

frm I I— (i) Treat every case of estivo-autumnai malaria to complete cure 
(a) Recurrence of blaelcaaterfeve is common especially m the tropics Send patient 
in temperate tone if possible 
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AFRICAN TRYPANOSOMIASIS 

SyNO'IYMS and DEfINftXOM 

S3monyms — Sleeping sickness, Negro lethargy French Alaladie 
du sommeil German SchlafkranUieit 

Definition — African trypanosomiasis is a specific {cbiile infection 
often characterized by weakness lasting and a protracted lethargy 
or a soporous condition It t> a protozoan disease caused by a flagellate 
T gatrbteHSt (\ar T rboitstense) and transmitted by species of tsetse 
flies of the genus Gfoiu no (especiall) C palpahs G tackinoides G «r«» 
/onr and G si.}t nettont) The trypanosomes arc blood parasites not 
onlv in man but also in some wild and domestic animals which may serve 
as teservowa of the disease A period of fever is followed by sn inflam 
matorj condition of the lymphatic system often leading to adenitis 
areas of oedema and a memngo encephalitis Symptoms of the lattcf 
are dullness of the intellect apathy physical and mental lethargy as oci 
ated with tremors and peculiar gait and sometime mania Un)e« 
iTWited the disease usually ends fatally 

HlStOnV AND GfOCRAMHCXI. DisTRnsOTtOM 
The scourge of trypanosomiasis which aSects both man and domestic 
animal , has been one of the black clouds which has o% cthung the contiaent 
of tropical Africa Not only the ravages of the human disease itself 
but the fear of contracting it and the enormous economic losses which 
have resulted from destruction of live sto*A have for years interfered 
with successful colon al development of vast tracts of the continent 
Sleeping sickness the terminal stage of human trypanosomiasis was 
known for centuries before the di covery of its causative factor the 
trypanosome The slave traders m earlier years came to recognize the 
symptoms of lethargy among certain Negroes and the risks and high 
mortality of the affection They rJso discovered that the swollen glands 
of the Negro were a symptom of the affection and hence refused to buy 
Negroes with enlarged glands Livingstone, m 1849 was familiar with 
the tsetse fly and the fly disease of cattle but apparently he did not 
recognize the human disease and Metise has believed that sleeping sick 
ness was not then present m East Africa but was introduced by natives 
of Stanley s expedition It seems evident that Stanley s expedition to 
reach Erma Pasba in 1888 probaMy introduced sleeping sickness into 
virgin territory in Uganda and the region of the great lakes where it 
gave nse to the terrible epidemic that destroyed m one district two 
‘64 
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thirds of the population in 8 years some whole villages and islands being 
depopulated In recent years the seventy of the disease has been greatly 
reduced in many parts of Africa by protective measures and by evamma 
tion and treatment on a very large scale In Nigeria alone from 1931 to 
t9S7 over 2000000 examinations were made and 300000 new cases 
diagnosed 

Scott {1939) and Kirk (1940) have given evidence of the description 
of sleeping sickness by A L Qualquasandi an Arab writer of the 14th 
century 

The case referred to was that of Man Jaza a suttau of the Malli kingdom whose 
condition was described as follows — Hs end was to be overtaken by the sleeping 
sickness (ill t an nawu] which is a disease that frequently befalls the inhabitants of 
those countnes especially their chieftains Sleep overtakes one of them m such a man 
ner that it is hardly possible to awake him 

John Atkins a British naval surgeon in 1734 on his return from West 
Africa described sleeping sickness as it occurred on the Guinea coast — 

The Sleepy Distemper (coatmoo smopg the Neftoes) gives no other pre lous 
Notice than a want of Appetite 2 or 4 days before their sleeps are sound and Sense 
and Feeli g ery 1 ttle tor puUuig drubbing or whipping will scarce itir up Sense and 
Power enough to move and the hloment >ou cease beating the amatt la forgot and 
down they fall again into a state of Insensibibty dnvbng constantly from the Mouth 
as if m deep salivation breathe slowly but not unequally nor snort \oung people are 
more subject to it than the old and the Judgment generally pronounced la Death the 
Prognovtiek, seldom tailing If now and then one of them tecoven he certainly loses 
the little Reason he had and turns Ideot 

Winterbottom m his Afncait travels m 1803 mentioned the disease 
under the name of kondee and called attention to the enlargement 
of the posterior cervical glands in the disease which has come to be 
known as Wmterbottom s sign In 1879 Lewis in Calcutta first described 
the mammalian species of trypanosome m the blood of a rat Trypanosoma 
lewtst now known to be transmitted among rats by the rat fiea Cera 
tophyllus fasetatus or the rat louse llaematopimis spinulosus Evans 
(1880) found a similar parasite Trypanosoma evanst to be the cause of 
surra a disease of horses m India In 189$ Bruce in South Africa 
showed that nagana a similar disease affecting both horses and cattle 
was also due to a species of trypanosome T brucei and that as had been 
suspected the infection was transmitted from animal to animal by the 
bite of a tsetse fl) Closs%na morsUans 

Up to i8go trypanosomes had been found only m animals and not in 
man In 1890 Nepveu found a trypanosome in the blood of a man m 
Algeria but owmg to the nature of the description his report did not 
receive recognition In 1901 and 1902 Ford and Dutton discovered a 
trj'panosome in the blood of a patient m Gambia with a peculiar irregular 
fever and named it Trypanosoma gambtense In 1902 Castellani found 
a trypanosome in the cerebrospinal fluid m 5 cases of sleeping sickness in 
one of which the parasite w as also present in the blood thereby establish 
mg a connection between the febrile stage with a trypanosome m the 
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blood and the sleeping sickness stage tviUv a trypanosome m the cerebro 
spinal fluid He named the jorasite T uganiense but it n as subsequently 
shown to be identical with T gamhume The following year, Bruce 
and Nabarro confirmed these obaecvations and showed that the disease 
was spread by another tsetse fly, GUsstna palpoUs At first they con 
sdered the transmission by fly as purely mechanical but Ueine after 
nards showed that the parasite undeiigoes true development in the bodv 
of the tsetse fly, a fact later conhrined by Bruce, Robertson, Taute, MaeVie 
and others In tgto Stephens and Fantham described as the tause of 
Rhodesian, or a more acute form of sleeping sickness a new species 
Trypanosoma rhodtsunsi Kingborn and Yorke jn 1913 showed this 
organism to be transmitted by CtersiMa mersituris 

Geographical Distnbubon — ^African sleeping sickness was apparentj) 
first reported from Sierra Leone It was also noticed early jn the iptb 
century in Liberia the local name of konje kira ' being applied to it 
there Doala Bukere the inventor of the Vai alphabet died from the 
disease It has been stated that it was imported from the West Coast of 
Mrtca to the West Indies ori several occasions probably by the slave 
trade hut soon died out obviously owing to the absence of the tsetse flies 
At the present time tt exists on the West Coast of Africa from Senegal to 
Mossamedes in Angola up to Timbuktu on the Niger throughout the 
Congo into Uganda Rhodesia South Nvasaland and Portuguese East 
Africa from Uganda and Busera southward to former German East 
Africa and Lake Tanganvika and northwards to the BahrElGhaaal 
province 

Trypanosomiasis reported due to Trypa losoma gonhst/ise has a 
much wider distribution than that reported to be due to T rMestence 
The geographical distribution of the disease caused by T ganb>f»^f 
corresponds roughly to the distribution of Glorsino palpahs while the 
form of the disease ascribed to T rhodesteme corresponds to part of that 
of G tnonifOMs The latter is found especially in Northeastern Rhodesia 
particularly in the Luangwa Valley, about the soulhermost limit, 14 S 
in the southeastern portions of Tanganyika Territory up to 10”$ m 
Portuguese East Africa and in Nyasaland especially in the region south 
and west of Lake Nyasa and the southern Sudan 

The seventy and prevalence of sleeping sickness differs greatly in the 
endemic areas and the disease shows a curiousU locsliaed incidence at 
times developing in one area yet fading to occur in closely adjacent 
territory where the tsetse fly is found hence there may be wide areas 
which are entirely or almost free of infection separating heavily 
stricken tracts of country Thus in some communities 90 per cent of the 
population IS infected In others only 4 or < per cent will show infection 
In some sections with the advent of exploration and advancing civihza 
tion the disease has done great damage in epidemic lorm In other 
places where the disease has tong existed, the mortality is much less 
The capricious distribution along Uie water courses depends upon the 
breeding habits of the vectore the tsetse flics all species of which are 
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limited to Africa and African sleeping sickness occurs endemically only 
m that continent A few cases of trypanosomiasis have been discovered 
in the New World particularlj among laborers from the West Coast of 
Africa Some of these have been reported upon by Guerin in Martinique 
Numbers of cases have been observed and treated during recent years 
in the United States m individuals nho have contracted the infection in 
Africa Other cases of this nature have been occasionally detected and 
treated m various capitals and schools of tropical medicine in Europe 

Prevalence — Trypanosomiasis has dominated and seriously inter 
fered nith colonial development in about one fourth of the continent of 
Africa Discovered m Uganda m iqoo it was estimated that it killed 
in the affected areas 200 000 of a population of 300 000 A recent report 
of the League of Nations states that over 1 ooo 000 natives are treated 
for sleeping sickness every year In regard to the incidence and geo 
graphical distribution of the disease ui British tropical Africa Granville 
Edge (1938) writes that there were 70 830 cases of human trypanosomiasis 
in 1936 recorded in British hospitals m West Africa Roughly S per 
tttit, of wxA ttod 5 per tent of tbt deaths due to iltepvng vitk 
ness In Gambia the most westerly of the West African possessions 
over 40 per cent of the in patients and 30 per cent of the hospital deaths 
were ascribed to sleeping sickness during 1936 These facts are of special 
significance since in 1923 only 3 cases of the disease were recorded and 
death from trypanosomiasis was said to be seen only occasionally How 
ever since then the disease has steadily increased and travellers have 
reported a marked increase tn tsetse flies m such areas 

A hyp<r ndetnic area extend] tram MacCarthy Island al»Bg the Gambia River and 
10 a hospital about 70 miles from Bathurst some 900 patients with sleeping sielines irere 
treated during 8 months of the year 

la Sierra Leone and in Libena tbe d sease appears to be of no great unportanre and 
only a lew porad c cases have been seen in recent years However on the Gold Coast 
si epi g sickness continues to be a cause of senous anuety During ti e past 5 years 
cases have increased from 68] to 4826 and the deaths from 45 to 182 Dunng 1936 
10 cas s occurred among Europeans 

In the largest ol the British West AfrKan colon es Nigeria (total population about 
20 imlhons) M cQueen ( 938) reports that tbe total number ol diagnoses made from 
1931 to 1936 was S64 933 and Lwter ( 939) reports that 300 000 cases were treated 
dunng the years 1932-39 Oser 60000 cases ol sleeping sickness were treated during 
>9]^ and 69 hospital deaths were deKnbed Hence it would appear that in sleeping 
sickn s8 this country has a public health problem of magnitude In the northern 
provinces its spread has reached alarming proportions Dunng 1936 in these prov 
inces 6 sleeping sickness teams of men ennnoed 417 495 people and of these 47 330 or 
ti4percenl were found to be infected ThePeport of tbe Nigerian Sleepiog Sickness 
Service 1938 states that during tbe year 378 109 were examined and 35 006 found 
Infected In 1939 483 000 were examined and approximately 0000 d agoosed and 
treated In North Dahomey from 193a to 1936 Beautes observed 7701 new cases 
MacQueen bel eves that m N gem slecpuig sickness has become more irulent dunng 
the past 6 or 7 years m some localities where C flMrsiAsns is not present and there is little 
game 

In the Belgian Congo th disease pRva Is m the Kn a po and Kasai and Semi ki 
districts Schwetz reports that in the Kwango and Kasai d stnets 45 000 cases were 
detected in a population of 330000 In the Kwango area in 1937 10 258 new cases 
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population was siid to have died of the infection within lo years In the French 
African temtory G Martin m the csauunatuia of half a million inhabitants found 
*8 5<50 cases or about s per cent of the popuUtioa ItUnchard and Laigret found the 
disease prevailing in the upper Ogotte region in Gabon 30 per cent of the inhabiUnts 



beinff infected 1 ° the Chad colony the mfecoons net® estimated at 7 per cent of 
t <00 000 inhabitants with an average yearly death rateof as o<» In the Cameroons 
Tamon and Jamot found that of looooo natives examined through several years 
«oa were infected the percentage in the difleient districts varying fwm 8 to 48 per 
cent In 1928 wnter found the fertile Seiahki Valley between LaVes Albert and 
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Edward almost entirely evacuated on acomttt of the previous ravages of sleeping 
sickness 

On the eastern side of Afncs in 1936 some S770 cases and 452 deaths were ascribed 
to sleeping sickness m the British possessioiu In the Sudan in 19S3 some 855 cases 
were treated but owing to preventive mcasores m 1936 only ijo cases none of which 
werefatal were repotted and in 19380(117 89 cases The disease is found only in the 
southern pa t of the Equatorial Ftovince and G palfaltt is not found north of this 

In Uganda in 1900 a terrible epidemic of the disease was discovered 
in the Lake Victoria region The inhabitants of the Boruma Islands 
numbered 56000 in igoo and had decreased to 13000 in 1907 The 
total population of the infected districts in Uganda fell from 300 000 to 
100000 The epidemic was finally stopped by removing the remaining 
population from the shores of Ijdce Victoria Njanza and the islands 
later however a second epidemic occurred in these regions and Duke 
reported that in 1918 the death rate from sleeping sickness m this region 
was 4 j 8 per thousand 

In I93fi m UgudA there wereenly some rooo cases and $8 deaths recorded The 
iBcidenee of d seise bad shifted from Lake VKtona to the regions of the River 
Roieh m the west Nile distnct kery few cases were detected in the Lake Edward 
George Albert areas and it is believed that sleeping s ckneii will shortly be eradicated 
from them On the other hand a large increase in the iscidence of the disease 11 
reported m the west Nile distnct with 1876 cases and $4 deaths Farther east in 
Kenya the diseaie la sporadic so that only it cases with > deaths were recorded in 
1936 South of Keoya m Tangaoyika Territory with a population of over ] m llions 
536 casee were diagnosed with 3S4 deaths dunng the year In Northern Rhodeiia 
in which the disease IS eodem e 10 the north only 30<tsei and 5 deaths were reported 
In Nyaialand where the tsetse fly is widely distiil uled only 14 non fatal easea were 
detected du mg the year 

Although the disease is usually common in the natives it is compara 
lively rare among white people m Africa 

In connection with the distribution of human trypanosomiasis as 
illustrated in the accompanying map the Epidemiological Service of the 
League of Nations points out that 

la African ten tones comprised withm the tropics (with an estimated populat on of 
6; millions) neatly 7 null on uhabitants were ecamined m the course of a single year 
(1934-35) and 140000 new pat ents were seen and treated in addition to an appro i 
mately equal number of old patients 

In territories where the campaign has already been go ng on for sotne time (Belgian 
Congo French Equatonal Afnra Cameroons) the proportion of the population exam 
ined each year is cons derable amounting (06 out of 15 m U on mh bitanls (black areas 
in the d agram relating to e aninations of the popul tion) 

Recent prospection in the colonKs stuated to the west of the Cameroons sfo s 
that sleeping sickness holds a much more impocUat place in the pathology of tVest 
Africa than was hitherto suspected 

Etiolocv and Epideuiolocv 

Zoology — ^The parasite of sleeping sickness is classified in the Order 
Flagellata {ifaslisophora) In this class of protozoa the adults have 
flagella for the purposes of locomotion and the obtaining of food 
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Some flagellates more or less resemble rhuopods m being amoeboid 
and in basing an ectoplasm and an endoplasm The bod> is frequenlh 
cohered by a cuticle (periplast) Some flagellates have a definite mouth 
part the evtostome which leads to a blind oesophagus, others absorb 
food directly through the body wall In addition to flagella some 
flagellates possess an undulatmg membrane All flagellates possess a 
nucleus and some have contractile vacuoles The flagellum may »nse 
directly from the nucleus or from a small kinetic nucleus the blepharoplast 
i.micronucleus or basal granule) 


GENE{?a' i TYPES j 
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Thtre »fe 4 morpbologicil types (i) teishoiania (ij ieptomonas (3) ctithidia »nd 
(4) tryiinosome (see Fig 33) Tbe most pnnutive form is tbe I ptomonas from 
whict the others are derived In thi type the body k elongated and the tinetoplast 
from wbch the flagellum arises is neal tbe Mtenoc end and hence there is no undulating 
membrane In tbe crithidia the kmctol^st t near hut stiU anterior to the nucleus 
The axoneme of the flagellum passes from tbe Lmetoplast to the convex marpn of the 
body and thence along its surface or on the edge of an undulating membrane to the 
anterior end 01 the body and becomes the flaftUnm Th free edge of the membrane is 

longer than the attached margn hence the membrane is tbto«n into folds In the 
trypanosome form the hmetoplast is neat the posterior end and the axonemepas es 
along an undulating membrane from the kuietoplast to the anterior end of the body 
A free flagellum may or may not be present It ts also customary to refer to a metacy 
che form The iretacyclie trypanosome occjrs at the end of the cycle la the msect 
and rtstmblts vbt form found m Vhe blood of mammals but as usually miller In the 
case of T lemiuRse the fly does not become infective for mammals until the salivary 
glands have become invad d by the metacyclic trypanosome In tbe leishmanial 
form the nucleus and the lunetoplast are contained in a small round body and the 
axoneme extends from the lunetoplast to the periphery of the body This form may be 
assumed by any of tbe preceding types 

On the basis of their morphology and lifecycle ttenyon has diflerentiated 6 genera 
It) ItfXemanai (j) Oirtulia fy) I/t y Miwoai F/iyUnenas Letshmanta and 
(<) Tryf ii0rom<i The membets of tbe first 3 genera ate intestinal parasites of mver 
tebrttes and are transmitted by encysted forms in the faeces The members of the 
fourth genus pHytameHiis are similar to tbe morphologically but require 

both plants and invertebr tes in their fife cycle The members of the last s genera 
Ltithmati a and TryPansiemo (the ha mofiag Uates) ate commumc^ied to Tsan and 
other vertebrates by the bites of certain antbropods The Lc Amnnia occur only m the 
leishmama and leptomooas forms hae the Leptemonts front which they are dilleien 
I a(ed by the fact that they have a vertebrate as «ell as an invertebrate host la which 
either phase may occur The rrypeneiema tesembl the HcfptienMw in that all 4 
forms enst but differ in that they have both vertebrate and invert ehralehosts 

Gtnus I T yp«nas«mi Gruby tifl45(~*Tbis genus was established by Gruby for 
flagellates found in frogs The raeinbersof tbe genus aie parasites of the blood or tissues 
of vertebrates At some stage in tbeit hfe cycle they have tbe typical trypanosome 
structure the body being elong ted and containing a nucleus kinetoplast undulating 
membrane and a single free flagellum An insect as well as a vertebrate host is known 
for many of the species and tiansm sswn is eitlet through the mouth parts of the 
mtermediate host in the act of sucking the blood «t the deflnitive host or by the verte 
brste ingesting infected faeces of tbe lotcrincdiaie host An exception is Trypan sama 
efu perdu 1 causing the disease kaoini as dounne m horses where transmission so fat 
has only been reported through coitus Development of the trypanosome uj the inver 
teb ate host may lead to infection of its mouth parts ban missi n then orcurnog 
by tbe bite of the atthiopo i in which case the trypanosomes are uid to have an anterior 
station. If development of the parasite IS hnuted to the ml stineandth tryp nosomes 
are found only m the face s tr nsmission may occur by tbe ingestion of tbe latter or by 
icratching the parasites into tbe wound made by the b tes of the insect In this case the 
trypanosomes are said to have a posterior station 

The flagellates ol the Genus Trypanosoma which infect man are 
T gambtense (var rnodesunse) and T tru s Those cau mg African sle p 
mg sickness T gamhiense and T rkodattnst are transmitted b> the 
bitesofCfoJiitiafliesand areantenorslationtrjpanosomes whileT cru 1 
causing South American trypanosonuasis which is transmitted b\ rubbing 
the infected faeces of the bug Trtatomo tnto the wound made bj the bite 
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has a posterior station The flagellates of the Genus Trypanosoma which 
cause sleeping sickness m man appear m the blood m trypanosome form 
and undergo m insects a cycle of development m which cnthidia and 
metacyclic trypanosomes arise 

Recently there has been an nllempt made by Jacono (1938) and SwarUweller (1938) 
to classify the mammalian trypanosomes using the position of the kinetoplast for their 
separation into a genera (t) Tryptnoioma in which the kinetoplast 15 situated neat the 
nucleus andfil Curteffundtii inwhichitbesneirthepostenoiendof the body (teimmal 
or subtetminal) Iloare (1938) in a careful study ol the differentiation of the kineto 
plast in the mammalian trypanosomes has shown that Jacono s dassihcation cannot 
be applied to mammalian trypanosomes since none of the 5 groups can be distinguish d 
by the position ol the kinetoplast 

DIrTE*E^TIAl, CUAtlACTtaS or THE KftETOPtAST tS MaUMALIAN TaYTAHOSOUES 



BlackJock has suggested that a consement means of cUssihcation of the flagellates 
of the genu rfvyanoietwj is offered by the character of the flagellum (i) U all thf 
individual trypanosomes of the species possess a free flag Hum the species is mono 
morphic e g T cruti U) If none of the individuals possess 
species IS again monomorph'C No esample is known 


, _ free flagellum the 
(3I If tome individuals 








AFRICAN TKYFAKOSOUIASIS 173 

o{ tlie species possess whik others do not possess a free flageWum the species is po\F 
morphie eg T garni ense F fModesttme andr 4 f«e« In this classification obviously 
It IS not variation in shape or in the sue of the body which indicates a trypanosome is 
monomorphic but simply the flagellan character Only individual parasites which 
are not undergoing division should be classified by this character 

Important Trypanosomes op Animals 

Tryfinesoma irucei— This trypanosome is polymorphic and causes a fatal disease 
in horses and one from which few cattle recover It is called nagana or the fly 
disease because it is transmitted by the tsetse fly Clessi s mars Ians All mammals 
are probably more or less susceptible Thcd sease is characterized by fever oedematous 
areas about the neck abdomen and extremities progressive anaemia and emaciati n 
It IS an important disease of domesticated animals in many parts of Africa 

rry^aneiama erenri is a monomorphic trypanosome possessing a flagellum It is 
the cause of a very fatal disease of horses in India and the Orient known as surra 
It also affects camels and sometimes cattle It is bctieved to be transmitted mechanic 
allyby biting flies ( 5 lomaryi) Theaymptomsatefeser emaciation oedematous areas 
and great muscular weakness It was present in mules in the Philippine Islands in 1941 
TryfaHasama ejut um —This trypanosome causes a fatal disease m horses m South 
America There is paralysis of the bnd quarters of the horse which pvei the disease 
the name mal d« cadetas It resembles T ttanss morphologically except that 
only tbe blephoroplast of the kinetopUst n present the parabasal body not being 
distinguishable Such forms in other trypanosomes may be produced expenmentally 
by the action of drugs T eju hum may be transnutted mechanically by Slamaxvi 
eale ter It hat been reported also in the capibara (Ryiraehareus eaf bara) 

Trypanasema i^uiptrium —This trypanosome also of (he T nans type causes a 
disease of horses in many parts of tbe world Ills known as duorine and is tram 
nutted especially by coitus Tbe genital organs show marked oedema which is fol 
lowed by anaemia and paralysis Mechanical transmission by Slemexys tale treru and 
Tahanus nemaralis has also been shown 

TryPa esana tantalenst (T ismarpban) —This trypanosome causes a disease 
in horses cattle sheep goats pigs and dogs in many parts of Africa while game 
may serve as reservoirs ItistriosmittedbyteveralspeciesoICfeiiiita T cantalense 
IS the smallest of the pathogenic Afncao Irypanosomrs It vanes m length from 
0 tip Its breadth is under jp Present in horses in Anzona Southern California 
and Nevada and probably Panama in 1941 

T ypa Osama max — Th s is a very active trypanosome and was first d scovered 
in the blood of cattle sheep and goats in the Cameroons Later it was found widely 
distributed throughout the tsetse fly areas of AfrKa In add tion to cattl sheep and 
goats It abo occurs m equmes hfonkeys dogs guinea pigs and m ce are not inocul 
able It has also been found m various species of antelopes m the Belgian Congo It 
can be distmguisfaed ftom other pathogen c trypanosomes not only by its great acti ity 
but also by its morphological features The bulk of the cytoplasm lies posten r to the 
nucleus giv ng to this part of the body wh cb consists of a clear alveolar cytoplasm a 
swollen and broad appearance The kinetoplasl is at or near tbe posterior extremity 
and IS well developed The nucleus is central Several speues of tsetse fly ar 
capable of transraitti g T near as (7 pelpalts lack aides laniipalp s and m r Ians 
The development m the fly illustrates another type of evol tioo In this instance 
there is no stomach phase of development the multiplication of th trypanosomes 
taking pi ce in the proboscis only Orth d a fonns ate produced in the labial cavity 
Later the bypopharynx is invaded and finally there are produced the infective meta 
cyclic trypanosomes of the blood type Mechanical transm 5 ion by mea sofi/ame yi 
has also been effected Trypa roma im/o iiiera a small form of T nrai type 

T yp osema leu •— Rats in many pacts of the world show this mfection which 
IS rarely fatal t th m It is transmitted by the rat flea by a process of regu gitation 
It can also be transmitted by tbe rat louse 

There are many species of trypan somesmbuds frogs fish etc 
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HcnuN Species 

For some years, m a nttrabei of our text books of tropical medicine 
It has been stated that two xarteties at African sleeping sickness occur 
in man and that these conditions follow infection with two species of 
trypanosomes the more virulent type of the disease, occurring in South 
Central Africa being due to Tr\panost>ma rhodmense transmitted bj 
GfossiKa worsifanr and that of a less sex ere but mote generally distributed 
type being due to T gambtense and transmitted by Chsstna polpdis 
At present however, it appears that it is not po sible to distinguish two 
distinct human trypanosomes transmitted by different species of tset e 
flies 

TrypoHwma ganbienie irai diicoveirt) in nun in ipoj To ipio a tiypaoowiDt 
Has found in the blood of a rat by Stephens and rantham which had been inoculaled 
Hith the Wood from a human case of sloping sickness in Rhodesia and to this parasite 
the peoficnameofr rkodesiraie was given The trypanosome was tewtdedasanew 
species since it was noted that in the bV»d «l hberatory anunals in wluch the strain 
I as kept alive a small peKentage of the thick stumpy non flagellated trypanosomei 


ri^ 
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had the nucleus situated posteiioily near the kinetopUit or even posterior to it Also 
It v,as beheved that the disease in man and in laboratory animals produced by this 
trypanosome ran a more acute course than was the case in disease produced by Trjpsno 

sami gamhense and also that irfeclionui man and animalswas more resistant to aistoi 

cal treattrent Troin much study we now know that it is not possible to distinguish 
between these a strain of trypanospines by the occurrence of posterior nuclear forms in 
aairoals It may be emphasiaed that no disUnctioa between the 3 straius based on the 
posterior nuclear character is possible from the direct examination of the infected per 
son s blood Jtoreover it has been sbovn Chat to some instances when T pr«*v»ir 
IS introduced into animats posterior nuclear trypanosomes occur 4iso when T 
rhodtsitnst is inocu’sted into tbe rat or guinea pig at times only a small proportion of the 
parasites BiUbeseeatobavelbeimudeilocatedposteriotlytothekinetoptast Indeed 
there is some evidence to show that these posterwr nuclear forms may result from the 
\ery rapid multiplication of the trypanosomes m the blood Hence their number may 
vary with tbe virulence of the trypanosome or the susceptibility of the animal From 
all the av liable evidence we can oWy conclude that sometimes T rhodestenii is a more 
vim ent sttam of trypanosoine than T g»’»h»ee« Tbe seventy of the disease and its 
avrantoms are obviously depeodtut not ooty oh the virulence of the infecting parasite 
but may be affected by tbe seventy of the infection and the susceptibility of tbe host 
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A grest deil o! bM l*«a P rformed to prove or disprove that T 

rnodMwnse ssidentirel witb r irueo (o{ uumals) Kbich has been inoculeted isto man 
Wben lojetttd wto »t* 7 Jf««t devdops sboit the saaie proportion of posUnor 
nucleated forms as T fAsdesienje Tbe piopotuon of uch forms i usuafly small 
sboutspwceot but it vanes vritb difterent strains Many obseciers baie suggested 
that T rAodnimje w al«o identital 'Oitb T brucn tbe rommsfl par site of nagana of 
boms and cattle and of Istfg game m AInca Indeed Tlruce Ktnghom and \orVe 
and several otber investigators regarded tbe two as identical Apparently the great 
objection that has been made to this opinion is that T irueei in wild animals and 6 
m rilsu] have a very much 'aider distiibotion than T rneienme m man 

In lha connection Taute and lluhet were unaUe to infect men "aith trypano 
semes by inoculating them with the blocul (tom 4 horses and a mutes containing T 
btuen Ycrkt and hiS collaborators suggest that this apparent lack of pathog njcity 
for man may be due to individual immunity since many normal sera etert a lytic action 
cnT rAudrixer* to which r tersAimsrtsresistant tf such a natural immunity exists 
some of the epidemiological facts art more easily understCMsd It seems tiot unlikely 
that the trypanosome of human sleeping sicknes is probably the same species as that 
which infects eertaui anim*!; (T trueei notably of wdd game) but that U » a species 
wtuch has become gradually accustomed to a new environment and finally specially 
adapted to life in the bbod of man 

Different strains of 7 rAedctieHn oiav m some instances lose this power to infect 
man by passage through animals more or less suseepUb'e but m other mstarces retain 
It lluBun beings ^ffer m their resistance to strairs of trypasosom 1 as do other 
aniaials Man u probably by ^e natural mode of mfeecton lotmune to the tryparo 
somesolasiRuU It is perhaps oni) in those instaneei tan htch an individual especiaUy 
luiceptible becroes infected through « large number A virulent trypasosom s that 
thetrypaftosomobecomesadaptedtoUemhufflan blood andthesm ymorefreciuesily 
infect other human beiags IVhile it is probable that s-'ine virulent human strains of 
trypaaosomet are capable of irt etiag the matorit) of human beings an mal atrain 
feebly pathogenir (or man wdl pcobably 0 'y irfect at first abnormally suKcptible 
U] 6 viduali though later when such straras have become thoroughly established as 
parasites m man cpideta.es of sleeping siekness may be caused by them The differ 
e..CM in power of infecting of difarr lu end of man and other ammali of 7 gsmbierre 
7 rAodeiirnre and 7 i'utei may all be eiplaiaed as changes nht it one species of 
trypanosome may undergo under different environment (Sltong toys' 

Corsoa (loyp) cor Jud s that 7 rAvd<j«><se Is a parasite not only of n an but also 
of wild and domest.c animals and Duke (royp) stales that theevid rceai pres nt lodi 
cates that 7 rAadesieaieuconsuiecably Ws adapted bteVigioaU> to manandtuidoiries 
tic animals than to the wild game 

Kleiae regards 7 fAodewenre as the fonn taken by 7 gamJt nse wltn introduced 
into a new area and transmitted by tsetse fiies of the mwrdsiw group However he 
thinks it is different from T br»tt> Other obterven mong them Duke regard T 
iMtsxnsi sod 7 bruit} as identica} and Laner believes that 7 {aiohie?i e 7 rAo 
e/JMSjeaodr Arifc.ei are ad oae»pe««s The conclusion reached by the loterBational 
Commission on Human Trypasosocnusis was that 7 eA«fej t jt ttpttt nted 7 
jamtuiHs trassmiued by a d ffeient species of Cfsiiina namely G wmiaes How 
ever Duke wfo examined the power of Try^atttma rhoi ri nse T tsmittnse and 
7 6ruce respectively to develop jn irlamno fouu 1 that 7 eAeder f»« is as a geo ral 
rule mote readily transaitlrd t y Gautmi pofpafis than is 7rypoei>i»i>i4 gawh rest and 
this Botwithstandmg the fact that CJas 1 1 » pofpofti is not ton dertd to be the normal 
lector of 7 rhjdtstinse 

Host* 0935Hound regarding lie spetjes of the irwei group if ham 7 eAode 
nee and 7 gufuJiense) that they arc indistinguishable from one another and indeed 
can hardly be Mgsided as distinct speci 8 Th sue of the kinetoplast and its po lU n 
(jub-iermmal) was practically the same u> aB g speci s though in 7 gamA eme the 
po tionoftfaekinetoplastwasteraunaltaSpeTcctit wbeKasioiru ei and rAodesiesie 
U was ferimnal io 4 and 5p<r entre pectisely {.we table p iji ) In view of these 
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fids Some observers feel it appe&rs unjustifiable to continue to regard these strams 
as separate speues of human trypanosomes Yorke (194JI gives additional evidence 
of this fact (.Trap 77>reare> £i/({ Sept. 194s) 

Trypanosoma gambiense — This trypanosome occurs m the blood and 
lymphatic system and cercbro spinal fluid of man, domestic animals and 
game Developing forms of the trypanosome are also found m 
palpaltSfG ffromrunr and other tsetse flics m the gut other crithidia and 
metacyclic trypanosomes (occurring at the end of the cy cle) are found 
m the salivary glands of Ihe flits 

The flageUste has a thin slender curved fish shaped body theanteriorendofTihich 
tapers to a fine point while the postenoe end is relatively blunt An undulaling mem 
brarie extends almost the entire length of the body the margin of which is longer than 
the attached edge so that it is thrown into folds In films stained by Giemsas solution 
t»o chromatin atamnig areas ate visiWe The large trophonucleus staining reddisa 
or reddish purple is central Neat the posterior end there is a deeply itainiag omI 
structure called the kinetoplast consisting of the blepbaroplaii and the parabasal body 
both of which stain red fn many preparations the distinction between (he red dot 
like blepharoplast and the parabasal body cannot be seen From the minute granule 
m this body (the blepharoplast or kinetic nucleus) an atial filament or axoneme anses 
and extends anteriorly along the free margin of the undulating membrane and f rward 
into a single whip like flagellum Scattered granules ol ehromatin may be vi ible in 
the anterior part of the body In fresh preparations an acUve writhing or lashing 
motihey IS observed Progression is usually m the direction of the flagellated end but 
occasionally u in the opposite directioa The sue of this trypanosome u vankbt 
It IS polymorphic some forms possessing a (tee flagellum and others without it They 
vary in length from about 8 to jom \\ ben the parasites are numerous two different 
types may be observed (i) long and narrow and(a)tbck stumpy forms The former 
ha\e a striking length of free flagellum The latter show no free flagellum or ony a 
very small portion of one Many different forms intermediate between these a extreme 
types also occur The short formsresult at the tineof the longitudinal diMsion ot the 
long ones and they may in turn develop into long types which also divide In width 
they mea ure from 1 to 3,*. It u as formerly thought that the long slender forms and 
the short broad forms represented sexual differentiation This is now known to be ano 
neous and Obleraad Prowaeek obtained infection by inoculating a single tOTranosoioe 

In the blood of domestic and wild animals the appearance of the trvpanosoae is 
the same but in some instances m a small percentage of the thick stumpy trypano 
somes the nucleus may be found posteriorly sometimes near the kmetoplast or Very 
rarely e>en postenot to this structure This poMetior nucleated lorm was (oTneily 
regarded as a distinguishing morphological characteristic of T rhodesttnse Some 
authorities bebeve that only the metacyclic forms m the fly are infective for man In 
man and animals the metacyclic tiypanosoiues uatroduced into the blood at the time 
of the bitmg of the fly undergo laultipUcatMO by longitudinal fission They may enter 
either the lymphatics or the blood stream and usually increase sufficiently sc as to give 
rise to febrile symptoms after a period of 10 days or more In the blood all stages of 
division may be found when the parasite* are numerous Multiplication is by amitotic 
lungituduial fission beginning with the division of the blepharoplast and parabasal body 
and followed by that of the nucleus the undulating membrane and lie body ot 
the organism It is believed that the avonerne and flagellum do not divide but that 
a new asonemo d velops from the secondary biepharoplast and grows out becoming a 
new flagellum of the body of the new parasite 

Coltivabon — ^The human tiypanosomes of Africa have been grown 
in various modifications of the NNN mediua by a number of observers 
Kat blood or human blood is reported to be more favorable Ihan that 
of the rabbit However the writer has found cultivation of T gambtense 
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difficult and in a number of instances has failed to secure a true growth 
Although the trypanosomes were often kept alive upon this medium for 
several weeks subcultures could not be secured Thomsen and Sinton 
(1938) have also emphasized the difficulties in cultivating T gamitense 
Developmental forms of the organism in cultures resemble those seen m 
the mvertebrate host 

Chnstopliers and Fulton (193S) in working on the respiratory metabolism of T 
kodesi€nst found that when the trypanosomes were deprived of glucose they rapidly 
b*caine motionless and deformed and broken up and the uptake of oxygen ceased 
Bfutsaert and Ilenuard (1938) have recommended for the cultivation of trypanosomes 
1 medium containing Ringers sokitton with NaCl Tyrode solutioQ and citrated human 
blood They also have reported good results wnth citrated human blood and Ringer a 
solution with cholesterol n s gm per bter And nmre recentb by the add tion of 
sodium p \yanelhol sulphonaleO ijuidtU Rotiie) Itawkinghas also used this toetbod 
successful!) Cultu es have also been obtained in chick embryos for eight gene ations 
by Longley ft al 

Transnussion — Trypanosoma gambunse is transmitted through the 
bite of flies of the genus Glosstna m which has occurred a developmental 
C)cle of the trypanosome Under favorable conditions the fl> after 
imbibing blood containing trypanosomes becomes infective m from 
18 to 34 days m extreme instances not until $3 days It then remains 
infective up to 188 da>s or for the rest of its life In a few recent etperi 
ments under certain conditions of temperature and moisture the period 
of development in the fly is found to be as short as 11 da>8 Only a small 
proportion of the flies that feed on infected blood become infective 
(approximate!) 3 to 10 per cent) Infection is not transmitted to the pupa 

The cyclic development of T gambtense T rhodestense and T brucei 
in the fly is similar and is peculiar to these types After the fly ingests 
the infected blood the parasites accumulate and multipl) m the middle 
and posterior portion of the gut Usually between the 8th and iSth day 
long slender forms appear pass forward into the proventnculus and 
from there into the salivary glands and ducts Here further development 
takes place into ctithidial forms which attach themselves to the gland 
cells From these are developed infective mctacvclic trypanosomes 
(similar to the normal short tyTie seen in vertebrate blood) which pass 
down the salivary ducts and through the channel m the hypopharynx 
from which they enter the bite woiind 

Duly these mecicyclic tiypaiiosuiiKs have been regarded Ai infeeuve for veite 
brates other forms ui the dige live (r ct of the fly have not been found to produce 
infection U gh temperatures 7a to 85 F are favorable for the development of the 
parasites in the fly while low temperatures ho to 70 F are unfavorable for develop 
ment but do not kill the I gesced trypanosome InOg nda West Nile D stnet Brown 
t und the infection rate in wild flies f om 6-1 4** ^ j„gi, 

three years later Gibbons found only flagellates u the gut m a fe and in no case were 
the glands infected with trypanosomes Tie mean index of transmits bil ty fo the 
Co go IS 3 63 but the mctacyclic index isonly 06 v- 

Although the usual method of transmission it is believed occurs 
through the metacy clic phase the fly may transmit the infection mechan 
ically at the time of its bite the infection resulting from the insertion 
of Us proboscis moist with blood sucked from an infected individual 
withm 2 or 3 hours prev louslv This method of transmission at times 
may be of great importance during epidemics when infected indiv iduals 
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healthy people and the flies are all aumerous in districts closely congested 
Mechanical transmission of trypanosomiasis m horses by Stomotys is a 
common method in the Far East 



The Epidemiological Service of the League of Nations stat« that 
The rwulU of the bu»*tous jmatches effected up to 1931 inlo the habitat of the 
piuicipat species of CUuina which tiMsmt tiTpanosoroiasis have beta supenmposed 
djagrammaticaUy on the same map Although this map only gives an incomplete 
picture of the local dislnbution of tsetse flies vtuch depends on the icnmcdisle environ 
mental conditions it nevertbeJess shows the areas which are liable to be infected 
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Glossina, the Tsetse Flies — This genus is limited to tropical Africa 
and includes about twent) species several of wbiuh are of great medical 
importance because they transmit human trypanosomiasis (sleeping 
sickness) 

The tsetses are bromnsh flics a hltle larger than the stable flv {Stum 
oxys) which thej resemble The proboscis projects forward horirontally 
and has a bulb at the base and a pointed tip The palpi are long and 
form a sheath for the proboscis On biting they rasp a hole through the 
skin nith the pointed tip (labellumf and plunge the proboscis into the 
tissues 



In Ctesiiita the iruta of the satenoa u plumose only on the upper side and the 
individual tuire aie themselies (eatbcied The palps are as Ioq^ as the proboscis 
which they enclose as a sheath The »in^ are earned Oat closed over one another 
like the blades cl » pan of ac^wis and project beyofid the sbdoTstn The most cbarac 
teri tic feature of the tsetse 6y is the way the fourth lungitudiDai vein bend up abruptly 
to meet the mid-cross vein sad iben curves downward to run parallel with the third 
loogitud oaJ vein beforeit turns forward again to end at the anten r border of the wing 
etc riM IS peculiar also ifl the fact (hat the females are viviparous and deposit a 
tingle very Urge fully developed yellowish brows motile larva in shaded p'aces 10 
dry sandy soil This burrow sin to • depth of about a inches and immediately pupates 
Moisture and sunlight are unfavorable for pupal development e peci 11/ the latter so 
that pupae buncdaQinchdeepaodawayfRiiD shade are killed The period of gestation 
for C falfjiit IS about 10 days and pupa) devetopment takes from 3 weeks (at Sj ) 
to IS weexs (70 ) The adult flies bve fioin 4 to S months Their reproduti le 
rapacity IS therefore very limited as lODipared with most diptera They bite during 
the day even in bright sunlight and have e ca been known to bit beneath a mosquito 
net in bright moonlight both males and females bite and transmit the disease 

Glossioapalpaha IS the principal vector of T gowih nr and erpenmentally readily 
transmils T k)d i eni« and T irua It u a Rtatively Urge species with bla kish 
brown abdomen and a grey tborai with indistinct brown markings ft is said to bite 
by preference crocodiles sod other rrptlei ud the Silutunga antelope but it readily 
bites other game and domestic animals and maq It prefers brown or black skins to 
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white skins For range habits etc see secttoa on prevention p ip6 For reajoaj 
which are not understood in certain distncts sleeping sickness does not occur although 
G palpalis IS abundant 

G tachinoides IS a smaller darker fly showing distinct bands on the abdomen It 
IS found in a belt along the southern border of the Sahara from the Atlantic to Arabu 
It resembles G falpaltr in its habits and in its western range is a major \ector of T 
(ambiense 



Fic 3? — G/e«j«a mentlsns (A) before and (B) after feed og Lateral view (From 
Doflein after Austin ) (htacNeat ) 


G tnorsitaas IS somewhat smaller and bghter in color than G palpaJts The abdo- 
men IS buS wnth dark cross bands which are loterrupted in the midhne It bites by 
preference large game or domestic animals and will bite man if these animals are not 
available It has a wider range thanG patpalts end is not restricted to the immediate 
viamty of water courses It is the pnncipat vector of T braeet and T 

Other proved sectors in which development of the parasite has been observed 8« 
Of r gtMbtentt (expenmenlally) C morsihns C (a natural traosmitter 

in Uganda) G 6rnt^a/^» and G /usea 

01 T rhedeittnse G sirinBerfem (in Tanganyika) andC brmpolpis 
Of T brueet (expenmentally) G brmpotpit G palltJipes C palpahs and G ^tch 
netdes 

In certain regions C loclxReides was found more IrequenOy naturaUy infected with 
T tinbttnse than was G palpalu (Lester 1936) 


Transjxussion by Stomoxys —In certain areas where large numbers of 
cases of sleeping sickness are congregated e\en where Cfornna does not 
abound infections may sometimes occur if other blood sucking Diptera 
as for example 5 '/t>«ojrjr are present It is now well known that the 
trypanosomiasis of horses m the Philippines and elsewhere in the Far 
East caused by Trypanosoma evanst is usually transmitted by Slotrtoxys 
mechamcally Duke, during 1934 has shown that Trypanosoma rhode 
stense was readily transferred from an infected to a healthy monkey by 
the process of interrupted feeding of from 7 to xo wild Slomoxyi and that 
infection from antelope to antelope might also occur by Stomoxys How 
ever, transmission of trypanosomiasis by Stomoxys m man is probably 
relatively rare as sleeping sickness has shown no tendency to spread 
extensively in areas where Chsstna does not abound 


Stomoiys ealcitrans —The stable fly resembles the common housefly m sire and 
shape It can be easily distinguished by the black piercing proboscis extending beyond 
the bead There are longitudinal stnpeson the thorax and spots on the abdomen The 
Dtoboscis on examination wiU be seen to be bent at an angle near Us base The palps 
are short and slender The wings diverge endely The 4tb longitudinal vein has a 
genlle forward curve The arista of the antenna la feather d on the dorsal side with 

*™The female lays about 60 banana shaped eggs m horse manure rotting straw or other 
decaying vegetation These hatch out in three days as larvae which turn into pupae m 
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l«o or Ouee wtets After about to day* tbe fljT eoserees Tie genus SUjmexys 
includes vicious biters Tb s is tb« fiy vibscbcoiiietnito houses before a rain and wbicb 
has given tie common housefly the Kpoutwa t>! Utiag before a ram 

lUemat I a tTrilms the horn fly Js a # nouspestol cattle bjt rarely altacJcs man 
ft M about half as large as the stable fly Th paljuafe much longer than in 
being as long as the proboscis They are thick and spatufate 



0(^r Mettiods of la/ecboa — Jfuman trjpjQO omes iiia> also be 
tfansmiltcd by coitus The disease of horses kno'va a dourme and due 
to r equipirdunt is commonly transmitted in this way Koch noted 
the infection of 15 v omen tn a flj free district and considered infection 
to hate come from their husbands nfao had lontracted trypanosomiasis 
m a fly district and returned home Bernard has also sut,gested this 
method of infection in proAtJtates \S'hile this method of infection m 
human beings therefore seems possible it is apparently rare 

TrypinoMtsuatis 11 tUr oot usually (ransouUed brrrdilanly lo human beings 
afthough tly* parasites hive been f u»d »« the pliceniii blnod of lofefted guinea purs 
and rits and in the blood or liver «( the enbrjoa or such animafs Muhfeca (igrof 
lus ret>otted a ease of a ctul f who "*s bom w Cermatiy of »n infe led m Iber who died 
ti dajs after the birth of her child The chifd itself aobsequestly became anaemic and 
suSered from penodic aiiacks ot fe rr and died f irypanosomusis some Vhr emontis 
111 r Schweta (iqjS) has reporied a ca e o{ trypanosomiasis a a baby of less ibaD 
So days old In this instance h never it as not poss ble to demonstrate trypano 
Somes in the blood of the parents and hence this was not an instance of hereditary 
wfecciiit /ndeed (heevideaceior gardtobereditaiyiransmissionof trypanosomusis 
in human beings u to the rttect that it u vtty rarefy or not transmitted 10 this wiy 
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Transmission of infection to children by the nullc of infected mothers is another possible 
source of infection as it has been demonstrated to occur erpenmentiUy m animals 
and in a few instances trypanosomes have been foand in the milk of women 

Reservoir Hosts — Epidemics of sleeping sickness in man have occurred 
m which the trypanosome has been earned directly from roan to man 
by the bite of the fly and sometimes mechanically Recent evidence 
is to the effect that human beings are often probably the most important 
source of infection for the vector since it is now well recognued that in 
certain districts m which the disease prevails neither wild game nor suit 
able aquatic vectors evist which might serve as favorable resen oir hosts 
In such areas the fl> feeds for the most part on man and m such localities 
the rate of trypanosome infection of the fly has been found correspondingly 
high In other regions however, it has long been recognued that wild 
game mav serve as a reservoir of infection particularly species of antelope 
Eleven species including bush buck reed buck and water buck have been 
etpcrimentally infected by the bites of tsetse flies The marsh inhabiting 
antelope sitatunga Tragelaphus speket, is commonly infected under 
natural conditions and Duke found them infected m the islands of Victoria 
Nyanza four and a half years after the population had been removed 
in an attempt to eradicate an epidemic of the disease Domestic animals 
in certain localities also constitute a reservoir of infection as T gcptittnst 
has been found by various observers m cattle goats and sheep m Tan 
ganyika Territory in East Africa Many of these animals nay carry 
the infection for long periods of time without symptoms of infection 
bemg apparent The presence of nagana in cattle due to T hructi in 
some localities constitutes a special reserveu of infection Van Hoof 
(1938) has found that the native pig is an ideal reservoir of T gamhenst 
in the region of Leopoldville and Curasson has confirmed this fact in 
French West Africa 

r |am6»<nj« can b« transmuted also to most laboratory animala In monkeys the 
infection is usually fatal but higber apes ate mote resistant and seseral investigators 
have found baboons immune to inoculalions ol infected blood In rats nuee guinea 
pigs and rabbits the infection runs a chronic «mrse as it does in domestic animals 
Wild game when infected usuaOy exhibit no syn^toms of disease although Corson 
who inoculated 8 antelope experimentally with T rhodetirnse found just before death 
or just after death trypanosomes u the cerebro spinal fluid He suggests that the 
wild game in sleeping sickness areas have ac<iuiied a selecbve resistance from exposure 
10 habitual fly bites with strains of T traces of low virulence In some localities 
T rhedesiCHse has been found to have no patbologtcal effect on bush buck and reed buck 
but 13 pathogenic to otibi and sitatunga 

A number of instance? of human individuals infected with trypano- 
somiasis and apparently in good health have been reported Such 
individuals may also act as reservoirs of the parasite There is no definite 
evidence of natural immunity from trypanosomiasis in human beings 

occupation bear no relation to susceptibility to 
infection but only exert an influence m connection with exposure to 
infection by Glossina 
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Pathology and Morbid AMATOiiY 

The most striking lesions are observed m the lymphatic glands and 
m the central nervous system The chief feature of the infection is a 
chronic inflammation of the lymphatic system due either to the raechan 
ical action of the trypanosomes or possibly to their toxins from which 
there results an enlargement of the glands Following this chronic 
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polyadenitis a chronic inflammation of the lymphatics of the brain and 
spinal cord often takes place The fever m the early stages is followed 
by meningo encephalitis and jneniogo myelitis proliferation of the neu 
rogbar elements and lymphocytes occurring and of the endothelial 
cells about the perivascular lymph spaces — particularly of the pia 
arachnoid of both brain and cord The process is most marked about the 
vessels of the pons and medulla These two processes compress the 
vesseb and lessen the blood supply to the brain and cord which results m 
malnutrition cerebral changes and the manifestations of a desire to 
sleep The nerve cells other than those of the bulbar nuclei are but little 
affected The trypanosomes are not confined to the vessels but are 
distributed in an irregular manner in the brain 

Macroscopically the points to be noted at autopsy are the adenitis 
m the neck groin and other lymphatic glands and the changes m relation 
to the bram and cord The cerebrospinal fluid is increased and often 
turbid the dura mater mav be adherent in places and the pia mater 
may show areas of thickening There is usually congestion of the brain 
and the ventricular fluid is increased The cord also shows evidences of 
congestion and there may be haemorrhages The base of the bram may 
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be pale The corda equinia luaj be surrounded b> gelatinous oedemalous 
tissue Sometimes there is ascites and pericardial fluid m excess The 
lungs maj show pneumonic changes The spleen is usually somewhat 
enlarged 

However m some instances no gross lesions of the nerve centers or 
other organs are visible though usually on microscopical etamiDation of 
sections evidences 0/ a meningo encephalitis arc defected with a varjing 
amount of infiltration of lymphocytes gha and endothelial cells in the 
perivascular lymphatic tissue of the brain cord and meninges The 
changes are sometimes very similar to those seen in general paralysis 
of the insane Sometimes small areas resembling granulomata are present 
(Durck s nodes) especially m the sections of the cortex ‘ Jlorular 
cells with fuchsmophile hyaline globules have been observed by Mott 
and others Peruzzi believes that they are generally of neuroglia origin 
\orke Wolbach and Stephenson have shown experimentally in animals 
that the lesions of the lymphatic or nervous tissues are due to an invasion 
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by the trypanosomes In the cerebral tissue, the frontal lobe pons and 
medulla they were found in masses or nests 

Microscopical examination of the cerebrospinal fluid often reveals 
triT^iaosomes Rejchenoir found that the cerebrospinal fluid does not 
become infected during the first 3 months after the beginning of the 
disease though he has never seen a case of more than a year in which 
the cerebrospinal fluid did not contain trypanosomes Trypanosomes 
ma> be found in sections in the intercellular spaces in the brain and m 
earlier cases of infection they may be present in the lymph channels 
throughout the body They arc found particularly in the blood Ijm 
phafic glands and lymphatics during the febrile periods of the disease and 
in the tissues and cerebrospinal fluid m the cases with nervous symptoms 
Scott (1938) has reported a case of a native child 14 years of age in 
whom T rhodesiense was found in the blood during life and the patient 
was suffering from ascites and enlarged glands of the neck In spite of 
treatment the child died two months later and enormous numbers of 
trypanosomes were found m the asatic fluid 

Peruzzi has found in cTpenmeataf infections of monkeys that mjo 
carditis of a severe nature may be present and that this is due to collec 
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tions of trypanosomes m the muscle cells This mjocatditis was always 
associated with eiudati\e pericarditis 

SYSlPTOSIArOlOCY 

The disease ma> he divided into 3 stages (i) incubation (2) febrile 
or glandular and (3) cerebral The clinical manifestations are irregular 
both in intensit> and in their duration The incubation period ma> be as 
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short as 10 or u days from the time the patient was bitten by the tsetse 
fly to the time when trypanosomes may be found in the blood In other 
cases the incubation period may be 2 or 3 weeks Puke (1938) has 
reported a case of a volunteer whose blood showed no trypanosomes until 
the sist da> after his first inoculation of infected blood and the i8th da> 
after the second inoculation of blood Nevertheless his blood was 
infective to a monke> 20 days after his first inoculation In a third g:roup 
of cases the patients may carry the trypanosomes from two to five years 
before showing symptoms ^en of Kochs \frican porters showed 
trypanosomes but continued to do heavy work Naturally infected 
animals are able to perform work for long periods of time without symp 
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toms Following the bite of the tsetse fly, there may be induced more 
or less local inflammation about the point of the bite This usually 
subsides within 48 to 72 hours AH but one of Carson’s volunteers 
showed a characteristic local reaction at the site of the infecting bite 
Duke (1939) states that of 17 volunteers infected 5 showed local reac 
tions and 12 no reaction at all A local reaction has been said to be more 
marked in the case of the more virulent strain T rhodestense 
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After some 14 to 2i days or longer, following the bite fever may occur 
The natives may show no fever before the period of sleeping sickness but 
in Europeans the primary fever is almost always present The tempera 
ture curve is usually of a markedly remittent type, approaching normal 
m the morning and rising to 103* or io4*F or higher in the evening 
The fever may disappear and recur at irregular intervals The pulse 
rate and respirations are increased The spleen and liver may enlarge 
and It 13 often difhcult to exclude malaria except by blood examination 
Early in the disease there may be evidences of involvement of the nervous 
system neuralgic pains and beadacbes are common There may be 
insomnia and difficulty of concentration for mental work 

Erythematous eruptions consisting of pinkish patches, irregular in 
position and outline usually round or oval in shape with a clear center 
may appear particularly on the trunk or thighs (Fig 41) Dryness of the 
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skm IS rather constant and pruritus » often present A mild bluish 
appearance of the trunk, is also said by Masters to be very characteristic 
m natives Kellesberger has noted a loss of the shjny, oily character 
of the stm There may be patches of painful local oedenu about the 
handset feet and oedematous suelhngS about the e>es or joints (Fig 43) 
Manv of these cutaneous phenomena la't for a few days and reappear 
m other areas The enlargement of the l)mphati'' glands especially 
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those of the posterior triangle of the neck Winterbottoro s sign is very 
important in diagnosis (Fig 4») The glands vary in size from that of a 
spilt pea to that of an almond rardy larger They are at first soft and 
elastic but later become hard and fibrous The supraclavicula epi 
trochlear asiUary and inguinal glands may also be swollen They are 
usually discrete Upon puncture they may show tr>-panosomes when 
the blood fails to show them Deep hjperesthesia which is known 
as ^erandels sign (after a physician who contracted the disease and 
described it) is sometimes noticed The slightest pressure feels hJee 3 
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bruise and is exceedingly painful The sensation of pain is sometimes 
slightly delayed A puncture «ith a hypodermic needle is said to feel 
like a red hot poker and an accidental knock bj a walking stick gives 
excruciating pain As the disease progresses there are usually asthenia 
and anaemia with considerable weakness No wasting of the bod> how 
ever, may be present until later stages Lesions of the eyes have some 
times been reported, such as conjunctivitis iritis keratitis retinal changes 
and deep oedema of the lower eyehds Manson Bahr has observed 
a toxic irido c>clitis and choroiditis In many epidemics however 
lesions of the ej es hav e not been reported The appetite is usually good 
until the sleeping sickness stage The febrile stage may go on for >ears 
or It ma> either end spontaneously or be cured by treatment 

There are great variations in the seventy of the disease Sometimes 
in Europeans the s> mptoms of dise;ise may be very transient and slight 
Lester (1939) emphasiaes the mdd character of the disease m Nigeria and 
that the proportion of severe nervous cases in Uganda, the Congo and the 
Sudan does not appear to be any higher than in Nigeria He found that 
in West Africa only about 5 per cent of the patients developed severe 
nervous manifestations 

Kellersberger divides the cases clinically into three groups First, 
those in apparently good health but in which trypanosomes may be 
found in the blood stream m about 4 per cent of the cases It apparently 
usually takes several weeks for the organism to multiply sufficiently to 
be found in the blood by ordinary examinations Sev eral months after 
this the lymphatic glands become inflamed and enlarged and the trypano 
somes may also be found by gland puncture These cases usually have 
some remittent fever The second group of patients show definite clinical 
symptoms In addition thev often go to sleep m the daytime and have 
nervous symptoms The second group comprises about 75 per cent 
The thud group of advanced cases constitutes about 13 per cent and the 
mortality among them is high 

The Spinal Fluid — In the early stages of sleeping sickness lumbar 
puncture may reveal a normal fluid but in the later stages of the disease 
with nervous symptoms there is usually increased pressure The liquid 
IS more or less opaque and there is a positive globulin reaction determined 
by Pandy s phenol test Leucocytes may range from zero to a thousand 
per cubic millimeter Centrifuging of the fluid frequently reveals para 
Sites In advanced cases trypanosomes may also be more numerous 
m the blood In unfavorable cases the so called mulberry or muriform 
cell as described by Pearce may be present in the spinal fluid and the 
globulin reaction become more strongly positive 

The Cerebral Stage — The first signs of this may be tremor of the 
tongue and fingers headaches delusions hysteria and mama Oedema 
of almost any part of the body may occur Only the hrst stage of the 
disease is usually curable If the cerebral stage is reached and the 
trypanosomes appear in the cerebrospinal fluid death is frequently 
inevitable This stage lasts from a few weeks in acute cases to a few 



ATRICAN TKYFANOSOMIA5IS 

months or even longer in chrome ones A few patients ha\e lived for 
^ears and died from some mtcrcurrent disease 

In the beginning of this stage dianges in the habits of the patients 
are apt to occur the disposition often being modified for the worse They 
become apathetic and dull and there is disinclination for exertion Iilany 
find it difficult to walk and even forget to masticate their food Fine 
tremors of the tongue hands arms legs andexen of the abdomen appear 
The gait is apt to become peculiar as though there were difficultj in 
raising the feet from the ground the patient shufQing along or throwing 
his feet upward m walking There is no paral3rsis as a rule and the super 
ficial reflexes are normal but the deep reflexes arc first increased and then 
lost The speech becomes low and tremulous tike that of a tired sleepy 
individual Delusions and mama are fairly common Romberg s sign 
IS sometimes present Argyll Robertson pupil has not been noted Later 
there may he rigidity of the neck and legs and a tendency to permanent 
flexure of the legs on the thighs and abdomen The fever in this stage 
IS very variable There may be daily fever with the temperature sub 
normal m the morning or theremay benofever at all and the temperature 
subnormal The pulse is usually accelerated go to 140 and out of 
proportion to the temperature There may be Cheyne Stokes breathing 
before death and congestion and oedema of the lungs with pneumonic 
patches are common The patient often shows a tendency to sleep or to 
he in a lethargi condition even in the bright sunlight The alkalinity 
of the blood has been reported as diminished and it has been suggested 
that this IS probably due to ammo acids secreted by trypanosomes and 
produced by the action of the ammo acids upon the serum proteids 
As the disease progresses emaciation becomes common the tension 
of the pulse low and the systolic blood pressure extremely low Muscular 
weakness is very marked the tremors are pronounced saliva dribbles 
from the mouth and the urme aod faeces may be passed involuntarily 
Bedsores form the pulse cannot be felt at the wrist the temperature 
becomes subnormal coma sets in and death follows 

Of compUcahons pneumonia is very common Laryngitis and oedema 
of the glottis have been reported Epileptiform symptoms are common 
Castellani and Chalmers point out that the commonest complication 
during the last stage is a cerebrospinal meningitis due to streptococci the 
pneumococcus or the meningococcus 

Cases in Central African natives are frequently complicated by the 
presence of other diseases such as malaria ankylostomiasis and schisto 
somiasis The emaciation which is so common in the later stages of the 
disease also may be due largely to starvation and sheer neglect Many 
of the cases die of a terminal pneumonia or a dysenteric infection 

Blood Changes — In some cases there vs a gradual diminution of the 
ted blood corpuscles and haenioglobui Normoblasts are sometimes 
then present The leucocytes are normal m number as a rule but 
there 1$ generally an increase in both large and small mononuclear cells 
The former may constitute from ao to 30 per cent and the latter from 
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bruvse and is exceedingly jamful The sensation of pain is sometinies 
shghtlj delayed A puncture nith a hjpodermic needle is said to feel 
like a red hot poker and an acodental knock bj a walking stick giies 
excruciatmg pain As the disease progresses there are usually asthenia 
and anaemia with considerable weakness No wasting of the body, how 
ever may be present until later stages Lesions of the e\es have some- 
limes been reported, such as ctnjoncUvilis, intis keratitis retinal changes 
and deep oedema of the lower eyelids "Manson Bahr has obsened 
a toxic iridocyclitis and choroiditis In many epidemics howeier 
lesions of the ey es have not been repotted 1 he appetite is usually good 
untd the sleeping sickness stage Che febrile stage may go on for years 
or it may either end spontaneously or be cured by treatment 

There are i,reat \ anations in the seventy of the disease Sometunes 
in Europeans the symptoms of disease may be very transient and slight 
Tester (1939) emphasues the mild character of the disease in Nigeria and 
that the proportion of se\ ere nen ous cases m Uganda the Congo and the 
Sudan does not appear to be anv higher than in Nigeria He found that 
m West Africa onU about $ per wnt of the patients developed severe 
nervous manifestations 

Kellersberget divides the cases clmicatlv into three group First, 
those in apparently good health but m which trypanosomes may be 
found m the blood stream m about 4 per cent of the cases It apparently 
usually takes several weeks for the organi m to multiply sufficiently to 
be found m the blood by ordinary examinations Several months after 
this the lymphatic glands become inflamed and enlarged and the try pano 
somes may also be found by gland puncture These cases usually bate 
some remittent fe\ er The second group of patients show definite clinical 
svmptoms In addition they often go to sleep in the daytime and haie 
nervou svmptoms The second group comprises about 75 per cent 
The third group of advanced cases constitutes about 13 per cent and the 
mortality among them i& high 

Tie Spinal Fluid —In the early stages of sleeping sickness lumbar 
puncture may rex eal a normal fluid but m the later stages of the disease 
with nervous symptoms there is usually increased pressure The liquid 
IS more or less opaque and there is a positive globulin reaction determined 
by Tandy s phenol test Leucocytes may range from zero to a thousand 
pet cubic millimeter Centrifuging of the fluid frequently reveals para 
sites In advanced cases trypanosomes may also be more numerous 
in the blood In unfavorable cases the so called mulberry or munform 
cell as described bv Pearce may be present in the spinal fluid aod the 
globulin reaction become more strongly positive 

The Cerebral Stage — ^The firet signs of this may be tremor of the 
tongue ard fingers headaches dilusions hysteria and mama Oedema 
of almost any part of the bodv mav occur Only the first stage of the 
disease is usually curable If the cerebral stage is reached and the 
trypanosomes appear in the cetebro pmal fluid death is frequently 
inevitable This stage lasts from a few weeks m acute cases to a few 
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glandular enlargement is more marked at the beginning of the disease 
than In later stages 

The Skuj — Erythematous areas may be present m Caucasians and in 
Africans but m the latter are often diffiralt to detect Localized oedemas 
are rather marked features Theskinmay be\er> dry and itch markedly 
Other Manifestations — Tlie spleen may be enlarged the respirations 
may he more rapid than normal and the blood show a secondary anemia 
In a blood examination the large mononuclears often sboiv an increase 
with a normal while count The eye may show kmViV»ot indo cycliVis m 
trypanosomiasis Trypanosomiasis seems to favor abortion and still 
births in this respect resembling syphilis 
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rtie finding of the trypanosome is conclusive It should be borne in 
mind that the glandular enlargements with the erythema and headache 
may suggest syphilis Another source of confusion is the positive Wasser 
mann test often obtained in sleeping sickness There may be an mtrease 
m the large mononuclear cells which is also seen in malaria kala azar 
and syphilis so that such findings are of bttle assistance m differentiation 
For ihe discovery of the trypanosomes examinations should first be made 
of the peripheral blood m fresh or stained films In a sraaU percentage 
of the cases the parasites are fairlv numerous but m the great majority 
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30 to 40 per cent of the leucocytes Sometjmes there u a ter/Dmal 
increase in the pol>inorphonocleat leucocytes before death The chem 
istry of the blood has been studied by Unna and Tielman and aUo by 
1 akinoff and Nierenstem who have shown that jn atnroal trypanosomiasis 
the acid of the plasma is mciea cd Christophers and Fulton (1938) m 
working, on the respiratory metabolism of T rhodestense found that the 
most striking feature was the utilization of glucose in the formation of 
acid products and the large oxygen uptake When the trypanosomes 
were depn\ed of glucose, they became rapidly motionless and lysed and 
the uptake of oxygen ceased 

The phenomenon known as auto-agglutmation is often noticeable in 
fresh preparations even when the specimen has been made with care The 
red cells are clumped in masses and do not form rouleaux Macfie and 
Johnstori have called attention to the phenomenon of auto-erythrophaBO 
cytosis which is occasionally observed Blood changes are further referred 
to under Diagnosis ’ The urine shows no important pathological 
change 

TifE Sviirrous in Petaii. 

The Nervous System — Headache and lack of mental concentration 
may be eatlv features of the disease Deep hvperaesthesuijor Kirandels 
sign, is often present Patients lend tobe morose and apathetic Tremor 
of tongue and lips are rather constant signs about the commencement of 
the stage of sleeping sickness Fatly insomnia gives way to the drowsiness 
that characterizes the second stage There Is very little disturbance of 
sensory or motor functions until near the end Epileptiform convulsions 
may be late manifestations Coma deepens as the end approaches 

The Tempetature Curve — The febrile paroxysms, which may not be 
present in natives until the sleeping sickness stage, show great uregularit) 
of course and a marked remission m the morning The fever may be 
absent for several weeks to return hler Trypanosomes are more apt 
to be present in the peripheral circulation during the fever than when the 
temperature is normal 

The Cuculatorv System —The pulse tends to run from oo to i jo beats 
per minute and is fast even without fever In the cerebral stage it may 
reach 140 The tension is low and the systolic pressure tends to be 
extremely low during the later stages of the disease 

The Lymphatic System — hfost important m diagnosis is the enlarge 
ment of the lymphatic glands especially those of the posterior cervical 
triangle (Winterbottom s sign) Other enlarged glands may be the 
supraclavicular epjtrochlear and axillaiy glands The inguinal glands 
suffer enlargements so frequently as the results of wounds and infections 
of the feet that their enlargement js of less diagnostic value The natives 
0/ certain parts of Africa not only attarh great diagnostic importance 
to gland enlargement but it is said they imagine they cure the disease by 
removing the glands with various primiuve cutting tools The glands are 
not painful do not become malted together and rarely suppurate The 
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In the stage of sleeping sickness and m cases with early nervous 
symptoms trypanosomes can often be demonstrated m the cerebrospinal 
fluid It is advisable to centrifuge and to examine the deposit There 
IS an increase m the globulin content and m the cell count in which the 
type of cell depends upon the chtonicity of the infection In especially 
unfavorable cases the so called mulberry or muriform cell has been 
described by Louise Pearce and the globulin reaction (Pandj s test) is 
strongly positive 

If the trypanosomes cannot be found in smears a rat guinea pig or 
monkey may be inoculated with the material Feebly virulent strains 
may produce only a mild infection but examination of the blood at 
intervals will usually reveal the trypanosomes 

When the organism cannot be demonstrated the (oUoning tests of the patient s 
serum have been used as aids in dtagnosis ( ) The foimol gel test described in the 
section on Leishmaniasis is said to be pos tl t m outspoken cas s (Momson and Dye) 
Hope Gill <igj8) belie es the rractioa of value if it is positi e within 60 minutes (2) 
^utoagglutination of the red cells 1$ olteo marked and constant and sugt,esti e of 
trypanosome 1 feet on In a fresh blood preparation the red cells become aggregated 
into large clumps i hich may be visible with the naked eye They are not rouleauv 
The reaction is not specific for trypanosonuasis however and » not of much diagnestie 
value (j) Trypanolyiis may be demonstrated by mixuig unhealed (fresh) serum with 
a suspen ion of trypanosomes and incubating for an hour The reaction is said to be 
positive ui a majority of the cases (4) The adhesion phenomenon —Brown and Grown 
( 98 $) beheve the red cell adhesion test is a specific serological reaction It consists of 
incubating together trypanosoines the immune serum complement and the human 
red blood corpuscles If the serum is homologous the red cells become firmly adher 
ent to the trypanosomes The reaction has been used m epidemiological stud es in 
wild animals Tbe practical value of the latter procedures is often restricted by the 
technical difficult es m secunog suitable suspensions of trypanosomes 

In the case of dourine of horses the complement fixation test has 
been employed for diagnosis by the Taliaferros (1934) kelser {1936) 
and Koch (1939) 

Guilbcrt Jospin and Thiroux all have advised examination of the 
bone marrow for diagnosis Guilbert found the bone marrow puncture 
was positive in 18 out of 20 cases However van den Branden (1938) 
in a study of the bone marrow of 5 rats infected with T brucei found 
the trypanosomes m the blood of all the animals but only m s instances 
were they present in the bone marrow Linhard found that in man 
sternal puncture with a lumbar needle revealed trypanosomes more 
frequently than peripheral Wood examination the ratio being 211 129 

Prophylaxis 

The most important measures under prophylaxis include 

(i) The diagnosis isoUtiOQ and cbemo moculahve treatment of those infected and 
prophylactic inoculations of healthy ndtv duals 

( ) the mspection and control of mdividiiab coming from infected into uninfected 
locahties 

(3) the protect on of man from bites of Cl rst 

(4) removal of the inhabitants from badly mfected regions and the avo dance of 
locjdities in which large numbers of natives ate infected orwhe e the tsetse flies show a 
high t te of mfect on 

(5) destruction of Ghssina and their breeding places 

(61 the destruction of possible animal reservoirs of the trypanos me 
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they are extraordinarily scanty and mav not be discovered m spite of 
repeated and prolonged exaRitnation LcUetsberger m a report of 
gooo cases states that the trj'panosome was deraonsttated iti the blood 
m onlj 4 per cent of the cat!) cases Often the most successful procedure 
is to examine the fresh preparation with a low pow er obiecliv e and search 
first for movement among the red blood corpuscles such movement 
suggesting the presence of trypanosomes Thick films of the blood 
may be treated n ith Giemsa s stain and examined « ith the oil immersion 
lense Broden and others have recommended examination of citraled 
Wood (9 cc of Wood to 1 cc of 6 per cent sodium citrate solution) cen 
tnfugalumg it twice at 1000 and at 1500 revolutions for ro mmules 
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The supernatant fluid and Icucocvte cream are removed and centrifugal 
ized at a higher speed for 20 minutes Smears made from the sediment 
are then examined for trypanosomes 

Smears from the gUnd juice may show the trypanosomes when they 
cannot be found in the blood The materia! is obtained by puncturing 
an enlarged gland The syringe and needle used must be dry since 
water distorts the parasites In the study of 33 cases I».Ieme found 
24 had trvpanosome» in the glands and blood Four had them in the 
glands but not in the blood and 4 had them in the blood only 

In a diagnostic study of 336 cases Broden obtained 87 per cent of 
po itives from gland puncture 80 per cent from cenlnfugalizmg the 
supernatant fluid left from the second centrifugation of the blood and 
4 S per cent from the spina! fluid examinations 
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However he emphasizes that there can be little hope of eradicating the 
disease altogether by these measures 

Chemo prophylaxis — In earlier years it was suggested that the drug 
Bayer 205 might be of value as an efficient prophylactic However, it 
has been found that a prophylactic injection of Bayer 205 does not always 
prevent actual infection Fourchi in the Congo has reported that the 
injectionof onegramin the caseof adults and o 3 too 75 gram mthecaseof 
children by the intravenous route had a definite prophylactic value 
dunng seven months observation Van den Branden has also employed 
this method of chemo prophylaxis and inoculated all the inhabitants of 
one village Sue months later only one case of sleeping sickness was found 
Duke found experimentally that an injection of one gram of Bayer 205 
will protect agamst T gembtense or T rhodestense for at least 3 months 
Between 70 and So native volunteers were used m the experiments during 
several years There have been no accidents and it has been suggested 
that further use of this drug should be made for prophylaxis 

Inspection of Travellers —Tsetse flies often settle on the backs of 
pedestrians or of motor cyclists and enter the hoods of motor cars Thus 
infected flies may frequently be earned long distances Jack has reported 
that a pedestrian m some instances has earned flies for to miles and 
that in the hoods of motor cars they have been transported as much as 
50 miles in a day When the moving object stops the fly frequently 
leaves and seeks shaded areas in the vicinity For these reasons the 
control of traffic on trails and roads leaving badly mfected fly areas has 
been recommended and arrangements have been made to tid individuals 
animals and convey ances of any accompany ing tsetse flies through the use 
of petroleum or pyrethrum sprays In some localities suitable screened 
chambers have been constructed into which motors and other vehicles 
may enter and the flies destroyed within them Such measures have 
been carried out particularly in Southern Rhodesia Procedures of 
this nature applied along the borders of the Iselve infected zones may 
prevent infected flies from reaching adjoining areas which are free from 
infection Unfortunately no satisfactory repeUants agamst tsetse flies 
are known In French West Afnca and parts of the Congo there is 
control of the movements of the natives in all sleeping sickness districts 
and none are allowed to travel except with a ticket obtamed at a hospital 
after examination showing that they arc free of the disease * 

Protection from Glossma and Removal of Inhabitants — The screen 
mg of infected individuals until the trypanosomes disappear from their 
blood through treatment is desirable m regions where infected flies are 
prevalent In some regions protective measures involving especially a 
reduction of the man fly contact by methods of communal clearing and 
movement of the population and its concentration in healthier areas 
has proved the most hopeful line of attack agamst the spread of the 
disease In certain badlv infected areas the evacuation of the population 
from the scattered villages jn fly infected woodlands and the establish 
ment of them in large clearings where tsetse cannot live has sometimes 
C, c«ld itports a considerable nunibcT lieojl apparently in perfect health 
are found t be infected th I yp bies on the occ won f a vis t to the Paste r 
InsUtute BraiiaviUe (Free French Afnc ) to obtain a health passport The disease 
Way show period of I tency or slence laatng manv years Trap Dis Bull 
■\ >943 
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In some localities, the isolation and proper treatment o( all infected 
mdn iduah has greatlj reduced the amount of the disease Thus in the 
Belgian Congo it is reported that more than 3 million people ate examined 
annuallj all positive cases being recorded and persuaded to attend 
regularly at one of the numerous treatment centers For the period 
>930^34 there vias noted a decrease of new cases to about 50 pet cent 
Actual figures reported are gwetv \n the (oUov.vng table 
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In the Cameroons where steeping sickness has increased steadily during 
the past ten ^ears Millous (iQjs) reports that dunng the jear 1933-34 
546 000 natives were examined, of whom 6j ^oo bad the disease and only 
3 300 of these remained earners of trypanosomes after treatment In 
the lower Congo (he Forearm an organization interested m anil sleeping 
sickness work has caused a systematic study of the inhabitants to be 
made for trypanosomiasis since xp3i all cases found infected being treated 
In 1934 more than 38 000 lumbar injections were j,iven and it is reported 
that the prevalence of the disease has been reduced from a 4S P*'^ 
m 1931 to 09, per cent in 1934 It is stated that in some localities the 
natives now have such faith in the successful cure of sleeping sickness 
as they have m that of yaws and that this renders treatment compara 
lively easy In Nigeria, a somewhat similar system of inspection and 
treatment has also been earned out The organization for such work 
includes a survey party which makes a census of the area in question 
examines the glands of each inhabitant makes blood slides of suspected 
cases and notes all individuals in whom trypanosomes are demonstrated 
K treatment parlv follows and injections of either Bayer zoy or trypar 


samide are given m the positive cases 

MacQuecn (1936) believes that in Nigeria treatment abne cannot 
control the disease, and be msisln that protective measures such as 
communal clearing and the movement and concentration of populations 
can be the only radical cute Lester (*939) points out that in Nigeria 
repeated suneys among the natives fm Muslim Imirates) are not 
popular and that the compulsion necessary for them is in many localities 
undesirable Al!>o the cost of these continual surveys is prohibitive, 
for it is estunaved that there are neatly a million cases in the northern 
provinces of Nigeria alone, and hence the treatment of that number crery 
V ear would be impossible Nevertheless Lester w rites that recent work 
Ls shown that mass treatment loUowcd by the establishment of sleeping 
sickness dispensaries detection and Ueatment of new cases 
the infection rate to between a quartet and a tenth of the oM figure 
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the banks of adjacent streams The tsetse fly especiallj haunts the 
underbrush for some lo to 15 yards along the bank of streams where 
the females deposit their larvae The insects rarelj extend their feeding 
distance for more than some 15 yards whether on the land side or on the 
water side However they often follow with great persistenc> an mdi 
vidual who has just passed through this narrow belt frequentl> for a 
mile or more Deep shade is essential for the development of the flies 
Hence it has been found that clearing out of the underbrush for a distance 
of some 30 yards on either side of thevvatercourses was usually an effective 
measure It i» important to clear the brush not only around the \ illages 
but about fords and boat landings where otherwise flies are plentiful 

In a section of the Southern Rhodesian Portuguese border the inv asion 
of tsetse was so great formerly that a number of the farms had to be 
V acated on account of the heavy mortality of cattle from trypanosomiasis 
Forest clearmg along the border was undertaken in 1932 The clearing 
which varied m width from some 50 yards up to about a mile had been 
extended by 1934 for a length of 35 miles Indications up to the present 
show that It has been remarkably effective Trypanosomiasis has died 
down nearly to the vanishing point on the Rhodesian border and the 
evacuated farms have been reoccupied and cattle are being raised upon 
them 

Clearmg of the underbrush along water courses has been particularly 
effective m parts of Northern Nigeria and in Tanganyika In Southern 
Nigeria the possibditv of control of the llv bv modifying vegetation is 
more difficult The rate of growth is so great that it is almost impossible 
to keep any large area in the ram forest belt thoroughly clear of vegetation 
Also while brush clearing 1$ very effective with reference to G palpalts 
and G tachinoidts it is often not effective against G morsUans as this 
species will frequently cross carefully prepared clearings over a mile in 
width la the Gold Coast Stuart (1937) and m Tanganyika Nash and 
Jackson (1938) have shown that tsetse occurs along the rivers except in 
the rainy season Then it migrates into the dry country In the Gold 
Coast belts of land half a mile wide arc cleared along the water courses 
and the brush wood burned over the stumps of trees which are most 
capable of rapid regeneration Excellent results have been reported m 
rendering the areas fly free 

Experimental evidence reported by Swymnerton (1936) shows that 
sight guides flies to their moving host and that the road to be safeguarded 
from some species of the flies from adjacent bush must have at least 200 
and preferably 500 yards on either side cleared of fly cover Scent also 
seems to guide flies to their favorite host 

Burning — Some entomologists beheve that organized grass fires 
have proved very valuable in reducing the incidence of flies m many 
districts However the method has its limitations since continuity of the 
grass must be adequate for successful bummg It has been employed 
in large areas in Tanganyika and Southern Uganda Fires are per 
tnanently effective only if they can be cani«l up to and across barriers 
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proved of \alue Obviously where this principle is earned out suitable 
land for farming requirements must be provided Rapid clearing of 
the bush m the new settlements to make them fly free is necessary 
In a number of instances the restriction and settlement of the population 
in areas which later proved unsuitable has caused more damage through 
poor nutrition due to lack of food supply and famine than steeping sick 
ness would have done However in parts of Uganda and the Sudan 
and in Tanganyika where the populations of the old, badly infected 
endemic regions have been moved to less dangerous regions the disea e 
has been brought under control In such districts the people have been 
taught to build modern compounds and to lav out their villages in a 
sanitary manner In Uganda, m an attempt to stop an epidemic of 
the diseise and with the hope that the tsetse flies in the region would 
eventually cease to be infective the Government moved the entire 
population of the Sesse Islands and of the neighboring shores of Victoria 
Nyanza to fly free areas in the mtenor Three years after the depopufa 
tion of the district local flies were captured and were still found to be 
infective and capable of conveying the disease to laboratory animals 
Apparently the Sitalunga antelope naturally infected m the region had 
served as a continual reservoir of the infection for the flies 

Methods of control by the recbmation of areas which have become 
overrun by the fly also have been recently attempted, particularly m 
Tanganyika by Swmnetion in Southern Rhodesia bv Jack and m Nigeria 
by Nash Flies can generally be eradicated by clearing the vegetation 
with the axe but thi method mav hive serious drawbacks in many 
localities in connection with the problems of erosion It usually is 
expensive also 

Abolition of contact between man and the fly is obviously of great 
importance In endemic regions the fly areas should be a\old^d as far 
as possible and it is recommended if such regions have to be traversed 
that the journey should be made during the night when tsetse flies do not 
bite Also in areas m which the lulives and flies ate infected infected 
individuals should be isolated under mosquito nets or in fly proof houses 
The movements of infected individuals must also be prevented as far as 
possible It has been suggested that examination of the cervical glands 
should be generally employed m eliminating infected mdividuah and m 
preventing them from traveling Vicars ago it is raid the slave dealers 
emploved such a method to protect themselves from buying diseased 
individuals However since lb» cemcal glands are often enlarged m 
other pathological conditions this method of diagnosis is often not of 

value Also m many cases of trypinosomiasis the glands are not appte 
ciably enlarged Even when the microscopic examination of the blood 
IS made one may fail to find the trypanosome and an infected individual 
may pa s undetected 

Measures Directed against Glossina — One of the most efScient 
preventive measures directed against the flies and m eradicating then 
from cafive villages has been the deaimg of the underbrush from along 
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the optimum at which the flies live longer and breed more rapidly than in 
drier or in moister air A relative humidity of 65 per cent was unfavor 
able and in moister air the flies nearly always refused to feed and were 
found to die off very rapidly The reason why high humidities were 
unfavorable is still obscure Flies were found to metabolize fat most 
rapidly in dry air and presumably to produce metabolic water to com 
pensate for excessive evaporation In general it has been found that 
when the humidity is high the Glossina are scarce and that the flies do 
not breed so well in such an atmosphere Johnson and Lloyd found 
that in the rainy season (May to October) only so to 40 per cent of female 
Glossina lachtnotdes were pregnant but in the dry season (November to 
\pril) 60 to 80 per cent were pregnant 

Gibbons in the W est Nile District Uganda (1941) found palpalis active at tempera 
tures at ;o F (si C ) to Sj F hfost active at temperatures about 80 F (z6 6 C ) 

Nash (1937) has shown that the maximum shade temperature which 
C tnorsttans and G lachmotdes can stand IS 41 C (106 F ) and since 
this temperature is often exceeded in the woodland m the drier parts of 
Nigeria the fly must resort to the shade of dense v egetation along streams 
in order to survive during a large part of the dry season In Tanganyika 
however U need never leave the woodland to survive Nevertheless at 
certain times of the year the surface temperature of the soil is so nearh 
lethal to pupae that partial brush clearmg would probably be sufficient 
to eradicate the fly Nash has demonstrated this in Tanganyika by 
exposmg pupae in the brush at different depths in the soil 

Jackson ( 934) found that dunog the dry season in Tanganyika Closst a morsiians 
increases in numbers in the drainage valleys as distinct from the bordering woodlands 
Observations by him and by Burtt support the contention that the increase of the fly 
ID the dramage valleys in the hot dry months is due not to a search for better shade 
conditions but to the fact that these areas constitute a feeding ground and that the fly 
must V sit them mote frequently at this season when the onset of hunger is hastened by 
hot dry conditions 

Nothing of real value 1$ yet known in rega d to biological control of the flies Lam 
born attempted to introduce a predatory insect which would destroy the pupae of 
doss na but without deflnite success Some years ago Austen suggested the introduc 
tion of the chakidid Spalangta into areas where C m*fi«Ianr prevailed One species 
Sy tomo pkyrum (lesstnae was reared m the laboratory and distr buted over an area of 
Lake Nyassa In the course of 3 months it w s found that some 8 per cent of Ghsstno 
p pae had become parasitized Apparently no p actical use has been made of such 
methods of biological control in recent years 

Destruction of Game — \orke and Duke (1936) and others have sug 
gested that m the areas where G morstlans breeds all game animals near 
human habitations should be killed in order to limit the problem of fly 
food to human blood sources with the idea that if the human beings 
were then protected there would be as a result a rapid reduction m the 
fly population Attempts to starve or drive out the flies especiallv 
G morsilans in wide areas b> destruction of wild game has been tried in 
several places but with the exception of the more favorable reports in 
Southern Rhodesia such methods have proved either impossible or 
undesirable Bevm (1939) records that dunng recent years a hundred 
thousand pounds has been spent in Tanganyika in the endeavor to 
control the fly by the destruction of game and hundreds of thousands of 
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impassable to the 8y Such bamers have been provided in parts of 
Tanganyika by clearing broad bands of vegetation, the country thus 
being divided into blocks, in each of which the fly can be attacked without 
risk of reinfestation On the other hand, other erpenments w Tan 
ganyika have shown that if blocks of tsetse infected bush are protected 
from fires for several seasons the growth becomes so dense as to be highly 
unfavorable to certain species of fly In one block of 4 square i^es 
which was protected from fire for 3 years the number of G yiDyfiniTltm 
were reduced by nearly joper cent although the game m the area increased 
slowly in the same period At the same time m a second block where 
grass burning proceeded normally the flies increased by over yoo per 
cent 

In Tanganyika normally the bush is burned each year during the 
latter half of the dry season It has been found that when annual bum 
mg IS stopped the fly population decreases Lester says that this effect 
starts at the end of the first dry season as soon as fire is excluded The 
number of flies fads to increase m the normal way at the start of the tains 
How fire exclusion acts on the fly population 15 not clear \Vhethcr the 
decrease is due to hunger, from poor vuibility, or movements of game, or 
to an increase of sroaU ants or other pupa! predators or to increase in 
soil or atmospheric humidity is not l^own Before fire exclusion can 
have any practical application a number of these questions roust be 
answend Also it is not yet known how many years of fire protectiaB 
would be required to bring the fly population down to mi or negligible 
figures 

Trapt — As a subsidiary measure, many attempts have been made m 
the wholesale catching of the fly by traps A trap devised by Harris 
has been tried extensively to Zululand and to parts the Congo Other 
traps have been used m Tanganyika The traps are advisedly placed 
in suitable sites near game ammab m small preserves In Tanganyika 
especially moving screens carried by fly boys have been devised for 
catching the flies by hand These arc carried through the areas where 
the flics are concentrated and many more flies are caught in this way by 
fly boys with nets and screens than in traps However, it has been shown 
that even when trapping is intensively concentrated it cannot effect satis 
factory extermination in the ease of <7 palhdipes &a^G palpahs and it is 
even less successful with f? morsuafu Most of the traps examined by the 
writer m the Congo contained only a few flics though in some regions 
too to 200 flies are caught daily m such traps 

Biplogical Control — Humidity and temperature are important factors 
jn the reproduction of Glossma Temperatures between 25-30 C are 
very satisfactory for C morsilans but above 3S®C it very frequently dies 
Burton and Lewis (1934) found that in temperatures above 40 C G *»»r 
stians and G lachtnftdes whiA may survive for short periods are more 
apt to do so m dry air than m miMSt However the effects of humidity 
while very important to Glosstna are also very complex With a tempera 
ture of 30®C a relative humidity of about 44 P«r cent appears to be near 
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of the fly IS attempted but the character of the vegetation so altered that 
the fly no longer inhabits such regions 

However Swjnnerton has emphasized that some four and a half 
million square miles is infested by one or more of the 2 1 species of Glosstna 
and also by trypanosomiasis of domestic animals or of man Hence it 
IS evident that successful destruction of the fly can only be brought about 
in limited areas 

On the Island of Pnncipe the Portuguese have repotted ercellent results where 
the annual mortality from the di ease formerly amounted to 83 per thousand of the 
p pulation and the cacao industry was threatened withe tmction through lack of labor 
Here jungle clearing drainage diagnos s and segregation of the infection destrucUon 
of possible animal reservoirs and finally actual destruction of the tsetse flies were 
employed For the actual destnict on of the flies natives were dressed in white and 
earned on their backs a dark cloth co\ered with bird hme They were sent daily into 
the jungle and every night the flies caught were removed and counted In 3 years it is 
reported <70000 Gloss na were destroyed As a result of these sanitary measures 
sleeping a ckness w s said to be exterminated Only the complete isolation and limited 
I e of the island made such a result possible 

Treatment 

The earlier the treatment is begun after infection the greater are the 
chances of cure MaQ> of the patients are likely to be suffering from 
ank>lostomiasis or schistosomiasis and when these diseases are coexistent 
It IS advisable to gue preliminary treatment for them Damage to the 
liver cells may be caused by such infections and may render the individual 
more susceptible to the toxic effects of the arsenical drugs used m the 
treatment of the sleeping sickness 

At the present time the 2 drugs roost efficient in treatment are try 
parsamide a synthetic arsenical preparation and Bayer 05 

Bayer 05 or germantn (the symmetrical urea of sodium m ammo 
benzol m ammo p methylbenzol 1 napthyiammo 468 trisulfonate) 
The French have synthesized an equi\alent of Bayer 205 under the name 
of Fourneau 309 or tnoranyl The English equivalent is named antrypol * 
Bayer 205 is a white powder easily soluble in water It is generally 
given intravenously but sometimes intramuscularly The intrathecal 
injection of it cannot be recommended as pain vomiting headache 
convulsions and twitchings have been observed after small doses given 
by this method Also advanced cases derive no benefit from this method 
of injection In animals inlected with trypanosomes Bayer 205 is 
remarkably atoxic and the tolerated doses have been estimated to be 
many times the doses required for successful treatment and the destruc 
tion of the trypanosomes It has also been found to exert a definite 
prophylactic action against trypanosomes The average intravenous 
dose recommended for man has been 1 gm dissolved in 10 cc of distilled 
water The total amount generally necessary to effect a cure is about 
to gm though trypanosomes usually disappear and are not observed again 
after o 5 gm have been injected Sometimes however they reappear 
Or Su unim or \ phunde (Winth op) 
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game ha\ e been dcstro> ed The entomologist believes that m some locali 
ties the result has been suucessM Honiever in a number ol other areas 
wheregamedestructionhas notoccurred there has also been a natural reces 
Sion of the flies and the cfficacj of game destruction is still a verv contro- 
^ ersial one 

In connection rsith the wholesale destruction of game in parts of 
Africa It should alw s be considered that if the game is so reduced that 
the tsetse flies of the Gfosrmo norsUans group are driven to attack man 
for food a much wider dissemmation of these flies is hkelv to occur and 
hen>-e further spread of human trypanosomes may result Seieral 
human outbreaks attributed to this influence hav e recently been recorded 
In parts of Tanganjika a much wider dissemmation of Ghsstna has 
recently occurred, and since the institution of the Masai Reserve '> 
Kenya Colony the fly bells wuh its confines haie extended their bound 
aries and increased in number In the case of Glosstna Sii)rnertom (a 
vector of human as well as of animal trypanosomiasis), Lewis (1934) has 
obtained e\idence which shows that there has been an actual invasion 
of il from Tanganyika Territory ‘'wynnerton has shown that C swyn 
ntrloni in the presence of cattle may not attack man but where game is 
scarce it attacks man readily Jkfore recently, Lewis has found that m the 
presence of an abundance of game and «i the presence of cattle this fly 
very readily approached man and was also attracted to moving \ehicles 

Concentration of the game animah m fenced pre erves has also been 
used as a measure to attract the flies $0 that an intensive attack may be 
made upon them and their breeding grounds Epidemics of sleeping 
sickness in man have occurred m which game animals have played no 
part whatever in the spread of the di ease, the trypanosome being earned 
directly from man to man by the bite of the fly, and probably frequenllv 
mechanically Tester (1939) emphasires that in most places where one 
finds any concentration of population game is very scanty and that 
shooting anything near sieipmg sickness settlements is most difficult 
because there is no game it has all gone This has also been the writer s 
experience 

Swynnerton places little confidence iiv game extermination in fly 
control as he believes it IS impracticable because of rcinvasion difficulties 
m accompli bment and unreliability m a partially settled country He 
especially recommends the annual burning of the bush by the cattle 
grazing natives the buildmg up of fly barriers of native bush preferably 
evergreen which are traversed slowly if at all by the fly ciearmg of 
infested fly terntotv by native settlement control of plant associations 
and methodical trapping of flies in certain territories until they are so 
reduced in numbers that human occupation can continue He believes 
that roads through fly country can be made safe by clearing and that fly 
concentrations can be isolatid in like manner He emphasizes that 
extermination of the fly is out of the quesuon 

Vege'^i onal control of the disease has been emphasized as of greater 
value in which not onW elimmation of the favorable breeding places 
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were present m the blood or m the glands obscr\ ed that all of the advanced 
cases which he treated with this drug relapsed A significant fact m its 
use has been always the failure of the drug to reduce the cell count in the 
cerebrospinal fluid Corson and McLean Saunders and Chestermann 
have also observed similar results with Ba>er 205 Saunders (1942) 
reports that of 36 cases followed up for 13 years or more 34 of the 35 who 
had definite nervous involvement at the time of treatment have died of 
sleepmg sickness 

Tryparsamide (the sodium salt of N phenylglycmeamide p*arsonic 
acid) IS a much more valuable preparation id the treatment of advanced 
cases Hie French equivalent is Foumeau 270 (Orsantnc) It is a 
colorless crystalline powder freely soluble in water forming a neutral 
solution to litmus and is a potent trypanocide It may be given by 
either the intramuscular or intravenous route preferably the latter 
The chemo therapeutic mdea (difference between the curative and the 
maximum tolerated dose) is 1 to 2 On the other hand m the case of 
atoxyl it IS I to I 

This drug was first introduced by Louise Pearce in the treatment of 
trypanosomusis in the lower Congo in 1920 and its use continued there 
especially by Van den Branden Kellersberger m Katanga has treated 
more than 8000 cases with this drug and has found it the most useful 
of all drugs m the general treatment of trypanosomiasis Chestermann 
has also bad a wide experience and has found the drug to be moat effective 
by the intravenous route The great danger m the use of the drug is 
that It may give rise to ocular symptoms and even blindness Individual 
doses employed have varied from t to 4 gm Kelleisberger has finally 
placed the average dose at 0045 pcr kg body weight Even with 
0 05 gm per kg ocular symptoms sometimes develop Hence Chester 
mann recommends that in early cases in adults a start should be made 
with 004 gin per kg body weight Children up to 12 years of age 
seem to tolerate the drug well and may be given double this dose up to 
008 gm per kg of body weight Kellcrsberger emphasizes that in 
order to be effective the drug must be pushed to the limit of safety He 
formerly gave a series of 8 or 9 mjections His later procedure consists 
of a senes of 15 weekly injections the dosage being 0045 S™ 
body weight Chestermann has recommended a total of 12 weekly 
injections m all cases in which the central nervous system is involved 
and a second course of treatment should be given after from i to 3 months 
according to the condition of the patient In early cases an apparent 
cure usually occurs 

Tryparsamide acts less efTecCivel/jD son eiastaacesii tieiebas been prior sdcnnis 
tration ot atoxyl or other arsen c Is Ebihdi and \o ke have shown that the patho 
g me trypanosomes readily become d og fast For this reason Chestermana and 
Manson Bahr suggest p el m ary treatmeot with Bayer *05 followed by 6-8 weekly 
injections of tryparsaraide Between the two courses of treatment there should be an 
intersalol 0-14 days until the ur nebecomesfreef om albumin before administering 
tryparsamide Such combined tie tment has also been recommended by McLean in 
Tanga yika Duke in Uganda and Dyeia Nyasaaland 
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m the pertphcral blood after thb amount Generally the parasites ate 
no longer visible m the blood stream some twelve hours after the injection 
of a number of trypanocidal drugs, but it is necessary that the dose of 
such drugs should be repeated at weekly intervals, or the parasites 
reappear In initial infections a dose of i gm of Bayer 305 on the rst 
3rd loth and r3th dajs is often employed In exceptional instances 
with severe symptoms individual doses of 1 5 to 2 gm can be given to 
an adult man 

Edge (1938) reports that the standard treatment m Nigeria has been 
three i gm doses of antrypol or Bavcr 205 followed by five 2 gm 
doses of tryparsamide However at the time the diagnosis was made 
all the patients were first given a trial dose of o 3 gm of Bayer 205 in an 
attempt to detect occasional cases of idiosyncrasy to the drug Before 
the trial dose method was instituted 7 cases of collapse with t death 
occurred among 6491 cases treated In another area 2 cases were 
reported among 7942 patients following the trial injection of 03 gm of 
Bayer 205 while in two other cases the collapse was so severe that the 
patient might well have died if he had received lie full i gm dose 
instead of the trial dose Since the institution of the trial dose the 
number of collapses has been small and there have been no falabties 

Kclletsberger (1933) has employed the drug in some 4000 injections 
He has found that on the average o to2 gm per kg body weight is 
usually well borne Bayet 205, however, has a cumulative action and is 
retained m the tissues for a considerable period so that the blood serum 
cerebto spinal fluid and urine of the patient mav contain and exhibit 
trypanocidal action when reinjected into trypanosome infected mice 

Dangerfield (1938) has found that smaU amounts of Bayet 20$ were 
found in the plasma of animals several months after a course of injections 
which may explain its prophylactic action 

7 here are some disadv antages to its use Thus it may cause urticarial 
and herpetiform toxic skin eruptions conjunctivitis and stomatitis have 
also been noted The drug is also irritating to the kidneys and in some 
cases after 3 or 4 injections the urme contains albumin and small yellow 
granular casts Stitt has pointed out that it may cause nephritis with 
fata] uremia and when used subdurally is quite toxic for the nerve centers 
Kellersberger (1933) has found that while the drug mav cause nephritis 
this IS temporary in most cases 

Attempts have been made to treat trypanosomiasis by giving this 
drug by the mouth while m some instances the trypanosomes disappeared 
from the bfood, in the great majority of cases a rehpse occurred in about a 
week 

Especially favorable results in the treatment of trypanosomiasis by 
injections of Bayer 205 have been reported by Kleine and Fisher How 
ever, it has been shown that the treatment with this drug is usually only 
satisfactory m the early stages of the disease After the centra! nervovs 
system has become invaded it is ineffective Kellersberger who found 
It to be of especial value during the febnle stages when the trypanosomes 
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Brandea have reported on the trial of etharsanol This drug was 
found to have an action comparable to tryparsamide but both of 
these drugs appear to produce optical disturbances more readily than 
tryparsamide 

Murgatroyd and MacQueen (1938) have recently studied the effects 
of treatment with neocrjl (sodium succmanilo methyl amide para arson 
ate CH,NHCO(CH),CONH— C.H4\so(OK)ONa) Murgatroyd has 

treated 122 cases with this drug Fortv four of them had normal cerebro 
spinal fluids and 78 had pathological fluids As a routme 10 doses of 
o 045 gm per kgm body weight were given at weekly intervals The 
drug produced a definite clinical improvement in practically every case 
treated although some were in a very advanced stage of the disease 
In the early cases 30 finished the course of treatment All were clinically 
improved A few however experienced visual disturbances from which 
complete recovery was made and one case relapsed 16 weeks after finishing 
treatment In the cases with pathological cerebrospinal fluid 46 finished 
the course of treatment and of these 35 were clinically improved How 
ever in 4 cases trypanosomes failed to disappear from the spinal fluid 
Three patients suffered from toxic effects of the drug the most serious of 
whidi were the disturbances of vision Murgattovd believes the results 
resemble those which are obtained m treatment with tryparsamide 
MacQueen who treated 60 cases with neocryl noted rapid clinical 
improvement and both the blood and gland juice were cleared of trypano 
somes at the time of the second routme examination after treatment 
Disturbances of vision were noticed in 2 cases one of which became 
completely blind and died within a month of cerebral trypanosomiasis 

Acres (1940) has al»o employed neocryl and found that it usually 
produces rapid clinical improvement and in first stage cases is of value 
However its effect may be only temporary and cases treated m the second 
stage of the disease frequently relapse Twenty one cases were treated 
and observed over a period of at least 2 years Of 12 patients treated 
in the second stage only 3 were cured Apparently tryparsamide is still 
the most valuable drug for the treatment of trypanosomiasis 

Atoxyl (or soamin) was formerly used but it is much more apt to 
cause optic neuritis atrophy and blindness It also causes gastro 
intestinal irritation 

Tartar emetic (sodium or potassium antimony tartrate) has also 
been employed for treatment It is used m a i per cent solution in 
physiological salt solution sterilized at i o C for 15 minutes It may 
be given in a dosage of 5 cc to adults administered slowly by the mtra 
venous route If a cough supervenes showing intolerance of the prepara 
tion Its administration should be immediately stopped Others advise 
that one should commence treatment with gr dissolved in 10 cc of 
sterilized distilled water This intravenous dosage should be increased 
H gr on each occasion until a limit of 2 gr is reached Some have 
recommended injections of tartar emetic on alternate days others twice 
weekly and some once a week Tartar emetic was formerly given 
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Optic Neuritis — Many patients are very sensitiv e to arsenical ptepara 
tions such as trjparsamide Opinions difier as to the amount of tt> 
parsamide which maj provoke optic neuritis Manson Bahr reports two 
cases where blindness ensued after 13 gm had been injected Lauterborg 
observed blindness m j 4 per cent of his patients who had received weekly 
doses of 2 or 3 gm of try parsamide Kellersberger reports that the 
blindness rarely came on suddenly However there is a danger of injury 
to the optic nerve and cases of blindness occurred even when patients 
were carefully watched Manson Bahr found that objective signs of eye 
damage are not manifest early enough to enable one to prevent complete 
blindness from developing The fundus remains normal for a long time 
and the pallor of the disk sets in quite late The premonitory symptoms 
may be photophobia lacnmaiion pain of the eyes, and dimness of vision 
Jamot found that of 25 638 patients treated with try parsamide, 233 dev el 
oped ocular trouble and m 30 there was amblyopia and in 17 amaurosis 
The action of arsenic is often a delayed one and symptoms of neuritis 
miy develop even after cessation of treatment 

Juler (1940) has noted that some 20 cases of dermatitis sometimes 
resembling e-vfoliative dermatitis have followed the administration of 
tryparsamide It has been suggested that this increased toxicity may 
be due to some variation m manufacture of the preparation 

The statement occurs m a number of text books that tryp^fsamide 
while very effective in the treatment of infections with T gombtense w of 
little value in the treatment of T rhodestense infections In xiew of the 
fact that these trypanosomes are apparently identical this statement 
requires modification 

Hawking (t94o) has demonstrated tfiat the degree of trypanocidal 
activity produced by tryparsamide in the cerebro spinal fluid of patients 
treated with this drug is insufficient to exert much eSect upon freshly 
isolated strains of T rhodestense Nevertheless the activity was greater 
than m patients treated with neocryl or uitdecane diamidine In 1941 
it was found that the trypanocidal activity produced by tryparsamide m 
the blood is somew hat greater than in the cerebro spinal fluid but that the 
arsenic disappears from the blood very rapidly after injection 

If the degeneration of the central nervous system has not extensively 
progressed and when the cerebro spinal fluid does not contain large 
numbers of cells the drug generally givres gratifying results After 
cerebro spinal symptoms have developed while the drug is not as efiec 
live from 17 to approximately 50 per cent of cures have been reported by 
different observers A normal cell count and albumin content of the 
cerebro spinal fluid as well as the physical improvement in the patient s 
mental capacities giv es ev idencc of cure after the cessation of treatment 
Treatment with Other Drugs — A number of other arsenical compounds 
have been recommended for treatment These drugs include etharsanol 
(monosodium salt of 2 p arsono irsilino ethanol) and proparsanol (mono 
sodium salt of 3 p arsono anilino proponal) each of which contains 
20 per cent of arsenic Stratman Thomas Lovenhart and Van den 
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intramuscularly, but jt product^ great pain The use ol the organic 
compounds o! antimony Js fully discussed m Chapter V 

Certam strains of trypanosomes have also been found to become 
antimony fast as \\ell as arsenic fast Hence some authorities as Rod 
ham and Van den Brandcn, have used tartar emetic in connection with 
other drugs notably atoxyl 

Slillamidtne and Pentamtdme — British investigators have recently 
studied the effects of 4 4 'Piamidino Stilbene, (Slilbamidine) in human 
and animal tri-panosomiasis Me Lelchie (i^ax) m a small series of cases 
in Nigeria without marked involvement of the nervous system found the 
former to be apparently as effective as Raver (J05) Patients with mild 
infections received an average total dose of 8 8 mg per Ulo Hoiievet 
Harding (194*) found improvement with this drug only m cases W which 
the cerebrospinal fluid n«s not abnormal In the Gambia, Bowesman 
(1941) has obtained good results with 4 4 'Diamidino Stilbene given intra 
vcnouslj in doses of i o mg per kilo of body weight twice each week to a 
total of nine to ten injections He considers larger doses are toxic and 
unsafe A still mote recent preparation is 4 4 diammo diphcnosypene 
lone (Pentamidine) or M &. B 800 Saunders (1941) has reported upon i4 
cases successfully treated In all ca«es the pcripbcral blood was stenhied 
by four injections and most cases were cured after tneaty injections 
Lawson (r94j) has treated fifty three cases with Pentamidine in Uganda 
Patients eleven years and over were given e i gm at each injection intra 
venously ten injections being generally giv en and the cour e 0/ treatment 
completed m ten days On examination two to three months later, 4* 
were climcaUv cured 3 much improved 4 improved and 4 unaltered or 

worse 1 had died Lawson considers this is probably the best drug that 
has been produced for the early treatment 0! cases of sleeping sickness 
He however cautions that no case with a cerebrospinal fluid cell count of 
5o% or more should be giv en Pentamidine unless the case can be carefully 
followed up Daubney and Hudson in the treatment of cattle infected 
with T congcrlense siUh these drugs Stifbamidine and Pentamidine, found 
that even in poisonous doses they did not produce a complete cure even 
though some of the animals succumbed to the effect of the drug \ orle 
has emphasized that these drugs, while efllcvent, ate poisonous and must 
be used cautiously in the treatment of human cases 

Van Hoot et at (i 9 V 4 l believe that renlamidme cutes easily and safely evtly cases 
of gambiensc sleeping sickness and may replace Bayer 205 in arsenic fast cases b<* 

they think it 13 asa preventive ibatJl terns to have the greatest value as it is eliminated 

slowly and accumulates m the body retaining a strong trypanocidal action wfuch 
prevents an infection by flies as veil as by mechanical transtnission Volunteers 
infected with a single do e of oooj oroooy gm per kg jrsi trd for ro to is months 

repeated bits of infective tsetse flies 
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Chapter IV 

SOUTH AMERICAN TRYPANOSOMIASIS 

DEriNiTiON AND Synonyms 

Synonyms — Brazilian trypanosomiasis Schizotrypanosomiasis Chag 
as s disease Opilafao Enfermedad de Chagas 

Definition — An infectious disease occurring in certain provinces in 
Brazil and occasionally in other areas in South and Central America 
caused by Trypanosoma crti t {Schx olrypanum cru ») (Chagas 1909) and 
commonly disseminated by reduvnd bugs especially Tnatoma megtsta 
and T xnttslans Pathological changes are produced by the destruction 
of the endothelial and tissue cells of the body by the development of the 
parasite withm these cells The disease especially aSects children and 
acute and chronic forms have been described In the acute stage febrile 
disturbances associated with facial oedema adenitis and anaemia are 
common symptoms In the chronic stage the symptoms depend espe 
cially upon the localization of the trypanosomes m the difieient organs and 
tissues of the body especially the heart central nervous system thyroid 
or suprarenal glands 

History and GEOCRAPtucAi Distribution 
History — The Brazilian saentist Carlos Chagas m 1909 discovered in 
the intestine of a reduvud bug T megxsta an organism resembling a 
trypanosome The infected bugs were allowed to bite a monkey and the 
trypanosome was afterwards found in the blood of this animal Subse 
quently he found the same trypanosome in the blood of a child sufiering 
from feser anaemia and swelling of the lymphatic glands Thus the 
parasite causing the disease and the insect transmitting it were discov ered 
before a human case of infection had been detected Chagas later was 
able to show that other animals than man harbored the parasite and w rote 
of the various symptomatology of the human infection In 1916 he pub 
lished an account of 29 acute cases which he had encountered in the 
intervening years All were in infants and young children In all 
parasites were found in the blood and of 23 cases which he was able to 
follow for some time xi died ViUela and Vichalho (1923) also working 
m the State of Minas Getaes in Brazil by the inoculation of the blood of 
19 supposed chronic cases of the disea e into guinea pigs found the trypa 
nosome m the blood of 5 of the guinea pigs In 1919 cases of infection 
were found by Tejera in Venezuela and by Escomel in Peru 

Chagas o finally b«lie ed that du lag a certain stage of the bfe cycle of the 
parasite in man T ypanasoma cru t malt pli d by schizogony and hence he estabi hed 
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found (60CJ,) In Pananaa np to 1937, 19 positne cases had been diag 
no ed by Miller (1931) ClarXe and Duim nod others However, Clarice 
(1939) reports that through the use of the complement fixation test by 
John on and KeUer and Oarke Ihe total number of positne cases diag 
nosed by this test has been increaj^d to 62 The trypano-orre has been 
reported in human beings in Ecuador and Paraguaj but not in southern 
California or Arizona though Triolom^ infected with this parasite have 
been found m these countries Iloneier Maarotti and Brumpt in 1939 
encountered the first 2 cases in Mexico 

Gasic 10 the latter half of 193?, spent some time m the Province of 
Sartiago Chile examining the blood of residents for infection and making 

animal inoculations of the blood but was unable to di«cov er any human 



case until 1938 although the r»io/uma were earlier found infected In 
igi6 Kofoid and McCullough found Tnatoma infected with this parasite 
mCaldornia andm 1038 Kofoidr^mrled that the parasite could beexperi 
mentally transmitted to a wide range of mammals in California through 
infection from this bug It has been known for many j ears that the bite 
of the so-called kissing but the cone nosed bug of California 
{Xnatoma frotracta) is exceedingly uritating and m some instances the 
person bi ten has been reported as lU for Teeks afterwards However 
no case of human infection with 7 * ent » has been reported outside of 
Central or South America Packchaiuan (1939) has found natural 
infection of T gcrstdckeri m Texas Of 100 bugs examined 02 were 
naturally infected and the infection transmitted to animals and experi 
mentally n one case to man {1943) by T kttdttnannx 

ETIOCOuS and EriDEUlOtOGV 

Etiology —During the febrile attacks T eru t can often be found in 
the circulating blood though usually only in small numbers Thetrypa 
nosome u pleomorphic in character having 2 phases m its life cycle, one 
in man and other mammals and one in the transmitting insects In the 
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for »t the geaui 5 cAi oiryponun naming the parasite Schisolrypanun iruti Sub 
sequenlly however il was shown that maUipiication in th« mammaban hosf (Ikough 
occurring within (h« ctlls in th* ICtshtnaiiia stage) is not by schiiogooy but by the usual 
method of binary fission hence it was tliought appropriate to retain the trypanosome 
in the genus Trypanosoma and to employ the ongma] name given it by Chagas Try 
fanasoma (ruzi 

Hoare (1936) tales this view llowever Diaj (1939) who has studied the question 
in detail believes that the genus Seht olrypanun should be retained He points out 
that 5 tAi ofrji^trnum has peculiar moipbologicat characters which avsimjate it to 
Utskmama lo the intracellular period »nd to Trypanosemo in the blood stage Flagrl 
latea belonging to this g nus are eharacterued not only by the morphology of the 
trypanosome form but also by the evolution m the vertebrate s organism It differs 
by its evolution in the insect and its mechanism of transmission which are common 
to the non pathogenic trypanosomes He believes that S an i cannot be ngorousfy 
included in either the Genus Trypanosoma or tttskmantt os it is easily disUnguisbtd 
both by Its morphology and by its biology 

Geographical Distnbubon — In Bragil, the disease has been reported 
m the states of hlinas Geraes, Sao Paulo and Gojaz It has also been 
observed m Argenttna Uruguay Venezuela, Peru, Bohvia Chile, Costa 
Rica San Salvador Panama, Guatemala and Mexico * The different 
reduviid vectors have a much wider distribution extending in the western 
hemisphere from the Argentine Republic in South America to California 
and Utah tn North America In view of these facts, Drumpt, and more 
receRtl> Kofoid have suggested the possibility of finding that the distri 
button of the human disease ma) ^ over a much wider area than at 
present known However, Jl seems likely that chmaiic and other eco 
logical conditions especially social influences operate lo prevent the 
coincidence of the geographical distribution of the disease in man n ith that 
of Its several vectors 

Prevalence — Although Chagass disease has been known since 1909 
the number of human beings who have subsequently been found to be 
actuali> infected with the trypanosome has been until recently compara 
lively small Up to S937, the only other Brazilian state besides Minas 
Geraes m which definite instances had been found was Sao Paulo in which 
4 cases were reported Tahce (1939) reported the first case in the state of 
Rio Grande del Sur Outside of Brami the largest number of cases 
recorded has been in Argentina Mazza (1937) reports that between igjr 
and 1936 the number of acute cases reported in Argentina amounted to 
109 However a number of these bad not been published In 1939 he 
reported that the total number up to the end of June i93Sbad reached 370 
Of this total 345 had been disposed by direct examination of the blood 
Bj Aprd J940 more than 500 cases had been observed and by Dec 1941 
630 cases Two definite cases have been recorded from Peru Subse 
quently Citola (1937) wrote that he had seen a number of additional cases 
of the disease in Peru but the description of the trypanosomes found 
rendered the diagnosis doubtful Until 1937, no cases had been reported 
in Uruguay However, Talice discovered 1 1 cases in that country in 1938 
and by 1941, 49 cases had been found five cases have been reported from 
Venezuela 3 by Tejera Jnarte (193?) believes the disease occurs more 
frequently there on account of the high rate of infection of Trsatoma he 

• fiaiO rtpoftsthat withllwdisojvttyof thcinfecuonin man sndaniculs 

m nollv"raU countntTm South Amweaweaw latrctad 
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mlioduccd into the conjunctiva or mouth in other instances produang 
infection 

Cultt aliyn — Cultures of T cru t can be obtained in blood broth or 
on NNN medium The organism is said to lose its virulence on prolonged 
cultivation The >oung cultural forms have been found infective for 
experimental animals Hie forms found m culture are similar to those 
seen m the intestinal tract of the transmitting insect 

LtroS tmiS) has found that abundant T cm t nill caie place m seruni to 

nliicb botb faaeraatiB and ascorbic aod are added However the suppress on of 
either or both ot these substances intefferes seriously «iih the cullivalion and they 
appear to be essential factors for its ^vlh Tfae serum also contaiQs an essentia) 
factor for the cultivation tor its rentaial is I kewise rcjunovs tVhat tSe cecessary 
s Jbstance in the serURi IS has not been discoiered but it was thought that it pcsibly 
was e^'olesterol Romana and Me^er figaaf in (he (tidy of chiclc-embrjo culture Us 
sues empljytd Carrels teehnvcije with IghtmodfiAlioai andhavebeenablelofollow 
the complete cvcie of the parasite from the dagrllaie stage to that of the trvpanovome 
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Transmission — The common method of transmission of the disease 
IS through the reduviid bugs especially r«ofomo megirfo Thi species 
tvas formerly described in the literature under the name of ConoThinus 
megutus <st Lati!ti$ megisUis More teccntlj Tmto (1931) has reclassified 
the species under the name Panslretigylus megistus In Northern Argen 
tina and Uruguay the more commtm transmitting specie appears to 
hethe urchuca {TfutomaufaKtas) However the parasite ts capable 
of developing in a number of other species of Trtoloma and allied genera 
as Rhadmus Erahnis and Euirukuaa Some ao species of Triatomidac 
h-ve so far been foind naturally infected with T cru t and capable of 
transmitting infection (Lent and Ptfano *939) In California Triolma 
protracta has been found infected by Kofotd while Reichenow (1934^ 
m Guatemala, found the transimt^ing bug to be T dimtdtaia and Clarke 
and Dunn (193?) in Panama have shown that Ea»slrong)lus gent ulalus 
IS the usual transmitting arthropod but Erahnis enspidaim was also 
found naturally infected 
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blood the parasite appears as a typical trypanosome and in the endo 
thelial and tissue cells it appears as the leishmama form and subsequent 
ttansformation stages In the transmitting insects the deselopmental 
stages including cnthidia and mctacvclic, ttj'panosomes occur in the mid 
and hind gut respcctiselj of the infected bugs The tr>’panosQmes as 
seen in the blood arc frequcntlj spindle shaped and about 20^ m length 
Both long slender and short broad forms occur in the blood Howe\et 
this variation in morphology his no seeual significance as vias formerly 
belie\cd The nucleus m both forms is central in position TheUneto 
plast IS o\ al in shape and on account of its enormous sue is characteristic 
It IS situated near the posterior end In uell stained preparations the 
Linetoplast is seen to consist of a dot like 
blepharoplast and a larger oval parabasal 
body The root of the flagellum or 
aconeme arises from the blepharoplast 
and extends along the edge of a narrow, 
undulating membrane with few folds 
and projects at the anterior end of the 
body as a free flagellum In blood films 
which base been fixed and stained the 
trypanosome 1$ usually curved forming 
C or U shaped forms It should be noted 
that dividing forms do not occur m the blood which is a point of 
differentiation from other human trypanosomes 

I.atcr the trypanosome invades the tJ«sue cells and loses its undulating 
membrane and flagellum The organism then divides by binary fission 
By repeated further divisions the leishmama forms eventuallv fill and 
destroy the infected cells In films made from the organs stained with 
Giemsa s stain (cspeciallv of the tissues of the heart and \ oluntary muscles 
and sometimes of the lh\ roid gland and braml these leishmama forms ate 
seen to occur in intracellular cysts the cyst usually being filled by them 
They ate round or o\ al in whape measuring from 3 to Si* m diameter and 
contain a nucleus and kinetoplast The invaded cells are later destroyed 
and the parasites liberated as leishmama leptomonas cnthidia or 
trypanosome forms Only the trypanosome forms are found in the penph 
eral blood Some of these trypanosome or leishmama forms enter new 
cells and the developmental cycle is repeated 

Infection of the bug occurs when it bites an infected individual or other 
mammal Trypanosomes multiply in its gut bv longitudinal fission and 
first undergo development into non infectivecrilbidia in which the kmeto 
plast IS at the anterior end and the nucleus central Intermediate forms 
with the kinetoplast in variable position and meiacyclic trypanosomes 
with the kinetoplast at the posterior end and a w ell developed undulating 
membrane and flagellum subsequently appear These metacychc 
trypanosomes are infectiv e and arc passed out of the hind gut m the insect 
with the faeces They may contaminate the wound made by the insect 
when biting nan or enter throu^ abrasions of the skin or they may be 
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bave a lecgtb of 0 45 m The head ts 4n»all and pointed and the ears large The fore 
legs have usually 5 toes each ending m very sharp and strong claws The middle claw 
IS greatly increased m length By means of these daws it can excavate the earth with 
great rapidity Talusia noiemc ncta has only 4 digits on its anterior paws These 
animal hve in underground burrows and come out at night to feed on carrion worms 
insects or fallen fruit If touched they will either shrink up into their armor and 
feign death or run away quickly The tstus while usually classified with the eden 
tates are not completely without teeth sipce they possess molars These animals ate 
not known to be of any value though tbe flesh of se eral species is considered by the 
natives as good to eat The fleshof other species has a pungent disagreeable odor 

In Panama Clark and Dunn discovered a number of species of bats 
naturally infected as well as tbe armadillo D novemctnctus feneslralus 
and tbe opossum Dtdelphts marsuptalu exlerisus Chagas Mazza and 
others have also found the opossum infected in South America In Cali 
forma Kofoid found the species Didetphts mrgtmana and the wood rat 
Neotoma fusctpes to be naturally infected and that T protracta was 
apparentlj the transraittmg agent 

Tnatamaukl r> was al o discovered to be naturally infected with T crutt m Arizona 
and m Texas Paekhasiaa (1940) found both T ge jiidtert (r T heidemtnni naturally 
laf cted lVoed(i93S) however in a relatively wide survey m Anzooa Mew Mexico 
Texas and Vtah of the blood of wood rats and faeces of Tt atom dae found no evidence 
of infection with Trvpanosomt era 1 in nature though the bugs were subsequently 
infected experiment lly in tbe laboratory Chagas asearlyas 909 found the monkey 
Chrysolh x scturiui naturally infected in Brazd and regarded U as a host for human 
infection while Malamos (193^) found T era no 4 monkeys itoe casein nolfus that 
were imported into Germany and examined at Hamburg Tbe monkeys had arrived 
from Java If they were naturally infected this would be the first record that T era < 
had been encountered outside of South America Tneioma rub ofasc ata is found m 
Ja a and has been found to harbor trypanosomes but these have so far been identified 
as CriiAidw co frhtni 

The method of /raj«r«Mj«o« of T cru t has been considerably disputed 
Two hypotheses have been advanced Chagas originally believed that 
transmission takes place as the result of the bite of the insect Many 
other observers includmg Brumpt believe that infection occurs through 
the contaminative method the faeces of the arthropod being rubbed into 
the mucous membrane or the wound caused by the bite of the insect as 
in scratching Owing to various discrepancies m the literature about the 
exact method of infection Cardoso (1938) has reinvestigated the subject 
using in his experiments infected T enfeslans and mice Freshly passed 
infected faeces of the Tnaloma were first placed On the intact mucous mem 
brane (ocular 4 cases vaginal cases buccal 2 cases and rectal 2 cases) 
In all but 2 instances i vaginal and r rectal infections resulted In the 
second series of experiments infected dejecta were placed on the intact 
abdominal skm of a mouse All of ro such experiments proved negativ e 
In a third senes infected dejecta were placed on the lightly scarified skm 
All of the 10 experiments proved positive In a fourth senes of expen 
ments an attempt was made to ascertain whether T tn/eslans actually 
transmitted the uifecUon by means of its bite Chagas in earlier y eats 
believed that the trypanosomes were present in the salivary glands of the 
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Four species of bedbugs including Ctmex rolundalus and C Ucfiilanut 
have also been eTpenmcntallj infected The ticks Avtblyomma cajen 
tiense Ormlhodoros vtotihala and Khtpuephaltis jo«|MtHfKS have been 
CTpenmentally infected and ^onn to be capable of transmitting infection 
Under ordinary conditions the Tttaioma becomes infected in from 
8 to lo daj s after biting the infected human being or animal and it ma) 
remain infected for as long as a years In the tick Ormlhodoros mouhola 
Mayer found infected trypanosomes in the intestine as long as 5 years 
after the infected feed which were still highly virulent for mice lie also 
showed that infection may sometimes be conveyed hereditarily la T 
megisla 


The Ftimly Triatomldae — The Trielema have popularly been known in Braiil as 
batbetro and in the United Slates as tbe fcusiaf assassin or cone nose bug 
The family includes 9 recognized genera of nhicb the following are medically impor 
lant TriaUma Rheimus Pamlropti^ui Eralyrus Eytriolema and E/aoimtlestes 
These genera have been difterenliated by Pinto with respect to the place of insertion of 
the antennae in relation to the eyes the length of (he proboscis tnd the rtUtive lecsth 
of the ]oints of the proboscis Theyatelarge bbckisbinsectswithnumeroussymmetn 
catly arranged red markings and have been found in the estem Hemisphere betweeo 
41 northern latitude Utah and 4c south Bahia Btanca Some species hare been 
described from Asia South China Sutnaira and Madagascar lo all more ihac 40 
speaes are known The species which have been found to be especially concerned in 
the transmission of the human infection in different localities have already been named 
above The Trictomo are mostly dependent on wild aumals for feeding but certain 
species have become adapted to human habitations T^ey are avid blood tuckers 
though they puncture the victim s skin and withdraw the blood with ht tie or no pein 
The lesions are commonly produced on Ibe trposed pans of the skin and particularly 
on the (ace and eyes and Ups hence the name kissing bug 

The infection is believed to be commonly transmitted by the adult forms of the 
Trtiteno However the bites of the larvae or of the nymphs have been shown to be 
infective experimentally foe animal* Mazca recently examined ryis specimen! of 
T mfeilOHS adults nymphs and larvae captured 10 the sleeping rooms of dwellings in 
Brazil A total of 576 or were found infected 300 or 36% of the adults were 
infected aso or S4% of the nymphs and $6 or of the larvae 


Animal Hosts —Under espcnmental conditions practically all labora 
tory animals can be readily infected with Trypanosoma cru t and dogs 
and especially cats have been found naturally infected and may sen'e as 
reservoirs of the parasite Chagas first showed many years ago that 
cats were naturally infected in Mmas Geraes, and Tahce (1938} has found 
them naturally infected m Uruguay In South America armadillos are 
regarded as especially important reservoirs for T era t 

Chagas demonstrated in Brazil that the tatu or armadillo {Tatusto 
oT Dasypus novemancla) may serveas the natural reservoirforTryAouiwiiwfl 
crust, from which animal the parasite was transmitted to man by Triotoma 
vtegtsla or T gemcnlata Subsequently some 5 species were shown to 
be naturally infected with this parasite tkisypus novemctnclns D sex 
ctnclus D untctfislus Cabassus untandus and Chaetophractus vellorostts 
Craig and Faust (1943) have listed other ^eaes 


The tatus or armadillos are anitnafs whose body legs aad tail are coveted with ao 
• of articulated scale* which however do not prevent the aniisals from runaing 
quietly The largest species attains a length of 086 m without the tail which may 
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to tte n>mph although the nymph is capable of sucking the blood and 
becoming infected and has been found naturally infected 

May er obtained a positive result in the hereditary transmission of this 
trypanosome in Trtatoma megista which he believes may erplain when 
coprophagy and cannibalism are excluded continual infection of these 
msects in regions where human cases of the disease do not exist He 
separated the eggs from the adult msects before they were hatched and 
the larvae which were hatched from these eggs were fed on healthy rats 
and mice Among many failures with hundreds of larvae thus fed he 
obtained m one experiment with 6o to So larvae a positive result He 
then examined the increment of 58 larvae of this lot and found 18 positive 
for the parasite These larvae remained continually infected He points 
out that while under the artificial condition of the experiments hereditary 
infection may thus occur it does so only rarely When it does occur 
however a large percentage of the brood may be found infected 

Kofoid emphasizes that for many years it has been known that the 
bite of the cone nosed bug Trtalama prolracia of California and the and 
south west IS exceedingly iintating and in some instances the person bitten 
has been ill for weeks afterwards But no case of human trypanosomiasis 
comparable to that in Brazd has ever been reported north of Central 
America except the two cases found by Brumpt (1939) in Mexico that 
have been referred to 

The Rtdumdat may become adapted to living in the houses of the 
lower classes of the people They are also commonly found m the out 
houses such as pig sties stables and chicken houses The insects tend 
to remain m the same house where they have become infected but leave 
It is said if It is abandoned by man So far infection has been found only 
among the poorer classes of natives m the endemic regions Sex has no 
influence upon infection but age is an important epidemiological factor 
as the disease is most common in children from a few months to two years 
of age The bugs have frequently been observed biting children while 
they are asleep and without their awakening so that infection usually 
occurs without the knowledge of the individual The insects bite at 
night and hide in the cracks hatched walls and roofs of the houses during 
the daytime 

Prevalence — Yorke (1937) comments on the fact that the number of 
human beings reported as actually infected with Trypanosoma crnzi is 
remarkably small in view of the ubiqmty of infected bugs in many parts 
of South and Central America Excluding Minas Geraes he was only 
able to find in the literature reports of 117 cases in human beings This 
IS the more surprising as the jarasite had evidently been carefully sought 
for in many places where the disease was reported as endemic Clark 
and Dunn noted that the clinical and pathological records of the Panama 
Canal for 27 years showed no entry of a case of Chagas s disease Clark 
during his field surveys for malaria m Central America where over 65 000 
men women and children were exammed found no case of infection with 
Trypanosoma cruzi m Panama up to 1930 However Miller described 
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insect and were injected at the time of biting and Torres reported infection 
in kittens b} the bites of T mritslus However Dias (1935) found that 
r cru i maj remain m the atotnach of the bug for as long as 8 da>‘s after 
biting and that such apparent infections bj biting were due to regurgi 
tation of these trjpanosomes into the puncture wound Cardoso took 
especial care in his experiments to ascertain that the wound did not become 
infected with the faeces of the bug In one of to biting espenments a 
positis e result was obtained \ month later the espenment was repeated 
with the same infeclerl hug and in tfii» case all ten obsen'ations were 
negative Cardoso thinks tliat in the single jiovitivc case regurgitation 
of the IrjTianosomes from the intestine maj hav c occurred at the time of 
biting Jtrumpt (1939) and also Deneckcand von Haller (1939) hav ealso 
found that the bite alone without regurgitation does not cause infection 
Ilrumpt (1912) reported that T <ru 1 would pass not onl> through the 
heallhj conjunctiva but also through the normal skin of mice E v 
Chagas (1933! m experimenting with 3 human volunteers found that 
the triTianosome could not pass through the unbroken skm but that it 
could pass through the conjunctiva A human case of infection was 
obtain^ b) placing the faeces of the infectevl TttJhma dircctlj into the 
e>e Twelve dajs later fever occurreil and the jntient $ blood 14 
after the inoculation was shown to be infective to guinea pigs 

It has been suggested that transmission of T <rii t ma) occur through 
the milk of an infected nursing mother or b> coitus as m dounne The 
latter method of infection has not been demonstrated m man However 
Nattan Lamer produced infection in mice bv placing material containing 
the in the healthj vagina of animals and also showed that 

T cru t passes* into the milk of infected ammals Maz^a and his asso- 
ciates (1936) report the case of a woman aged 30 with s>mptoms of 
Chagass disease who was confined 2 months later \o parasites could be 
found in the child s blood and 10 da> slater thev left the district Eleven 
weeks later the mother and child were again examined The blood of 
the child contained manj try-panosomts and the Ijmphatic glands Iner 
and spleen became enlarged but no cutaneous lesions were present 
Examination of the mother s milk on the same da> showed 3 T cru » in 
the centrifuged deposit The> were also found in the milk 6 daj-s later 
However, no parasites were found in thick drops of the mothers blood 
Epidemiology — ^The Redtnndae are vicious biters and from their 
biting chiefly about the face hav e been called barbciro (or barber) 
by the natives of Brazil, and the kissing bug ' in the United States 
Both the male and female carry the infection The adults can flj short 
distances in search of food and infected bugs have been found far from 
human habitation Armadillos maj servo as reservoir hosts and infected 
bugs have been found inhabiting the burrows of the armadillo near dwel 
ling huts and it is thought that when the burrow is abandoned by the 
animal the hugs migrate to the nearest source for food w hich maj be man 
The larvae and nymphs which also feed on blood are wingless It has 
gencrallj been believed that the parasite is not transmitted hereditanlj 
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to the nymph although the nymph is capable of sucking the blood and 
becoming infected and has been found naturally infected 

Mayer obtained a positi\c result m the hereditary transmission of this 
trypanosome in Trtatoma megtsta which be believes may explain when 
coprophagy and cannibalism are excluded continual infection of these 
insects in regions where human cases of the disease do not exist He 
separated the eggs from the adult insects before they were hatched and 
the larvae which were hatched from these eggs were fed on healthy rats 
and mice Among many failures with hundreds of larvae thus fed he 
obtained in one experiment with 6o to 8o larvae a positive result He 
then exammed the increment of sS larvae of this lot and found i8 positive 
for the parasite These larvae remained continually infected He points 
out that while under the artificial condition of the experiments hereditary 
infection may thus occur it does so only rarely Uhen it does occur 
however a large percentage of the brood may be found infected 

Kofoid emphasizes that for many years it has been known that the 
bite of the cone nosed bug Trtoloma protraeta of California and the and 
south west IS exceedingly irritating and m some instances the person bitten 
has been ill for weeks af terw ards But no case of human trypanosomiasis 
comparable to that m Brazil has ever been reported north of Central 
America except the two cases found by Brumpt (1939) m Mexico that 
have been referred to 

The Redumidae may become adapted to living in the houses of the 
lower classes of the people They are also commonlv found m the out 
houses such as pig sties stables and chicken bouses The insects tend 
to remain in the same house where they have become infected but leave 
It IS said if It IS abandoned by man So far infection has been found onlv 
among the poorer classes of natives m the endemic regions Sex has no 
influence upon infection but age is an important epidemiological factor 
as the disease is most common in children from a few months to two years 
of age The bugs have frequently been observed biting children while 
they are asleep and without their awakening so that infection usually 
occurs without the knowledge of the individual The insects bite at 
night and hide in the cracks thatched walls and roofs of the houses during 
the daytime 

Prevalence — Yorke (1937) comments on the fact that the number of 
human beings reported as actually infected with Trypanosoma cruzt is 
remarkably small in view of the ubiquity of infected bugs m many parts 
of South and Central America Excluding Minas Geraes he was only 
able to find m the literature reports of 117 cases in human beings This 
IS the more surprising as the parasite had ev idently been carefully sought 
for in many places where the disease was reported as endemic Clark 
and Dunn noted that the clinical and pathological records of the Panama 
Canal for 27 years showed no entry of a case of Chagas s disease Clark 
during his field surveys for malaria m Central America where over 65 000 
men women and children were examined found no case of infection with 
Trypanosoma cruzi in Panama up to 1930 However Miller described 
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a case there in 1930 and up to 1957, 19 cases v^erc reported Subse 
qucntlj Kelserdia{’nosedQtherc3se8b> means of the complement fiwiioT 
test The recent disca\er> of numerous cases in Argentina has been 
empha«;ucd h> Mazza (1940} 



FiC < «« (leveloptns la the ttstutt of the gu Pff * 

CroM-teettoA of a tineted nustle fii>re rootalniae SOmtAryfanum ernii Note 4 ndins 
form* a SecUoa of brain ehowtng a Set eo(rji>aei>'tt cyst within > neurosl s cell eon 
twin a* chitfiy fits t »t<4 tana* 3 Sect <» th.to'igh the iwmenit cepiute faBcicuIer 

tone 4 Section of br* n showing « neurogfuicen filled with Tounl (orrat of 5<* toJ y 

paaa’n (From I/iw in Sleeping Sickness BoOetin after Vienna } 

It seems probable that T erwn i$ naturally a parasite of armadillos 
and opossums and is onl) occasKWiallj and accidentallv maculated into 
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man Only in comparatively recent years has the disease been reported 
by laboratory workers outside of Brazil 

Pathology 

The chief pathological changes produced by Trypanosoma cruti are 
degeneration and destruction of the invaded cells of the body b> the devel 
opment of the parasite within them and eventually a fibrosis in the aSected 
tissues In acute cases the parasites have been found in almost every 
organ in the body The most marked lesions have usually been reported 
in the heart and brain and liver The involuntary muscles and adrenals 
have also been frequently invaded by the parasites Continued division 
of the leishmania form of the parasite m the cells convert the lesion into 
a sort of cyst This process going on in different organs apparently 
accounts for the extreme vanation in symptomatology At autopsy 
the heart is usually found enlarged Microscopically there may be evi 
dence of diffuse myocarditis In sections studied by the writer many of 
the fibres were heavily parasitized In places there was a perivascular 
infiltration with endothelial cells lymphocytes and a few plasma cells 
Endothelial leucocytes were also seen scattered betw een the muscle fibres 
The muscle fibres themselves were widely separated from one another 
and m places there w as some proliferation of the nuclei The fibres some 
times show fragmentation and hyalin degeneration The most conspicu 
ous change was the presence of large nests of parasites between the muscle 
fibres Some of the fibres were bulged out as a result of being stuffed 
with the parasites The parasites lie either m rounded clumps or m longi 
tudmal bands Profuse myocarditis with more extensive cellular infiltra 
tions has also been reported The epicardium and endocardium sometimes 
show m places cellular infiltration and nests of parasites 

hlazza and Komana (1935) described the pathological conditions 
found in the heart of a child who died of bronchial pneumonia s weeks 
after the onset of an acute attack of Chagas s disease The heart muscle 
fibres were normal but the mterstitial tissue showed an intense infiltration 
by monocytes which separated the muscle fibres one from another There 
was also a hyperplasia of the connective tissue with beginning fibrosis 
No parasites were at fiist found Later m a few large cells they were 
discovered It is believed that if the heart lesions are not sufficiently 
severe to kill the child in the acute stage the infiltrated areas undergo 
fibrotic changes E v Chagas (1935) and Mazza {1939) have also found 
in other chrome cardiac cases hyperplasia of the connective tissue and 
fibrosis with parenchymatous mliltiation 

C Chagas first emphasized the pathological changes in the heart 
The predilection of the parasite for the heart muscle was more recently 
shown by E v Chagas in 1934 He inoculated with infected blood a 
volunteer suffering from an inoperable cancer This patient died 6 months 
later of carcinoma His blood showed trypanosomes and at the autopsy 
the only organ found infected was the heart leishmania forms being 
demonstrated m the muscle Johnson (1938) has recently studied the 
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pathological changes m the h»tt w dogs In his opinion the lesions 
obsen ed could be accounted for on the basis of mechanical action of the 
parasites Focal lesions were most numerous m the la>ers adjacent to 
the cpicardium and endocardium %ith atiriculo sentricUar conjunclioD 
The sVeletal muscles are also a scat of election for the paraMits and 
ibcir multiplication The pathological changes found in them are timilar 
to those uhich occur m the heart 



Flc 50 — South Anienc»n trypaoojomiai s S«<tion of h*»rt thowinc (A) itivtsiO" 
of muscl fiber by ScAn ifrfaHum t «>! tSeetton eo rie«y of C ChaB»*~Arn'»’ 
Stedical Muteum Fhoto No 46936) 


In some cases pathological changes ha\c been noted in the brain 
1 he brain and meninges are sometimes congested and oedematous and 
scattered throughout the substance of the brain numerous small infiam 
matory !oci are occasional}) present In addition to the pathological 
changes noted by Chagas \ianna was the first to describe the foci of 
encephalitis and my elitis m human cases and to show that they are readily 
produced in animals These lesions were also studied by Torres and Vietla 
tti greater detail who showed that tbeeells making up the foci of encepha 
htis and myelitis arc neuroglia ceHs together with mononuclear cells It 
was sometimes difficult to make out the nature of the parasitized cells 
QW mg to their distortion by the presence ol the trypanosomes w ithin them 
Crowell who studied in DrwiI tissuesfrom Chagas scases poinledout 
that parasilir-ation of the ner% c cells proper is practically never seen but 
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in the semilunar ganglia of a heavil> infected puppy he found a parasitized 
cell that was unmistakably a gan^on cell Mazza (1938) has observed 
a fatal case m an infant of 2 months who died on the 6th day of the disease 
The most noteworthy point at autopsy was the meningio choroiditic 
lesions with encephalitis He had observed this condition repeatedly in 
erpenmental animal infections but not in human cases 

Lunderberg (1938) studied at autopsy a fatal case due to T cruzt 
Focal encephalitis due to this parasite was found but in the mid brain 
only There was also acute myocarditis and hypertrophy and dilatation 
of the heart The parasites were found m the heart brain and prostate 
Enlargement of the liver has frequently been observed On section 
the organ may show cloudy swelling or extreme fatty degeneration The 
parasites hav e only been reported m the liver in comparativ ely few cases 
but their presence has been observed in a few instances m the Kuppfer 
cells The spleen is usually somewhat enlarged and congested but in 
the great majority of fatal cases the lesions >n the spleen have been com 
plicated by malarial infection Mazza and his associates have reported 
the presence of parasites in the spleen but frequently they hate not been 
detected in the spleen The lymphatic glands are often enlarged and on 
section may show congestion with some lymphoid hyperplasia The 
parasites have been found at postmortem in a number of acute cases 
m the thyroid supraienals ovaries and testicles Mazza (1939) has 
observed nodular formations generally in the center of the nodules con 
sisting of lymphocytes m a network of reticular histiocytes with parasites 

Syuptouatology 

The symptomatology is variable The variation m the seventy of 
the disease in different places is very striking In many individuals in 
whose blood the trypanosome has been found no evidence of the disease 
or of recent illness has been discovered but m a majority of the cases 
there has been a mild febrile disturbance associated with more or less facial 
and other oedema and enlargement of some of the lymphatic glands 
It is especially a disease of children in the endemic areas and it is espe 
cially in children that the symptoms observed have been more severe 
and as a rule the younger the child the more severe are the symptoms 
However the disease also occurs in adults In adults a number of infec 
tions have been discovered only as the result of systematic examination 
of the blood of a large number of individuals 

Some clinicians believe that there are no de&nite clinical character 
istics Miller found in his study of the Panama cases that the mam 
festations of disease were practicaDy absent and the trypanosomes 
disappeared from the peripheral blood in the course of a few weeks with 
out treatment with any speafic drug 

E V Chagas (1934) m the study of a human case experimentally 
inoculated noted that an intermediate pyrexia occurred which lasted for 
3 weeks the trypanosomes appearing m the blood on the 38th day There 
were no other striking clinical manifestations 
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Muhicns and ha associates (19J5) moculaletl 6 jmhviiluals with gtn 
eraJ paraij-sts with T <r« 1, ol «hotn onl> 3 became infected Sabst- 
qucntJ} r V Chagas (1934-36) inoculated with theparasucinutnbcrof 
patients sufTcnng from malignant disease In these cases also the 
sjmptoms were mild 

The incubation period m man has been gnen as between 7 and 14 
daj’s E V Chagas (J935) found that the incubation period in human 
beings that he cs:p«inicnlaH> infected wts from to to u days * 

Both acute an<! chronic types of the disease has e been obsen ed 
Acute Type —This form of the disease has usually been reported in 
children during their first jear or two of life It may be attended bj a 
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high continued fc\ cr which may show a slight morning drop There is 
often marked pultiness of the face and in Braril enlargement of the 
thjroid has often been associated A combination of oedema of the face 
and con;unct» itis is vetj suggestne of the disease The oedema may be 
so marked that the eye cannot be opened It is usually unilateral and 
may be due to the bite of the infected bug as it is assumed that the 
face and eyelids or conjunctiva constitute the usual portals of entry of 
the virus The oedema may spread widely from the face over the bodj 
Chagas attached great importance to jl as a frequent early sign in acute 
cases of the disease He noted that when the flagellates disappeared from 


In Pnekehaman* «pwiwenlit«se the onset o/iUnm was t o weeks after iof« 
lion Parasites were found in Ihe blon t from the s«st to the day symptoms were 
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the blood and the temperature became normal the oedema as a rule sub 
sided but that in severe cases it might persist for an indefinite period 
It has been described as a hard oedema of elastic consistency which does 
not pit on pressure Chagas thought it aas due to the myroedeinatous 
infiltration of the subcutaneous tissue and was explained by a specific 
action of the parasite or its toTms on the thjroid gland Oedema in 
Chagas s disease has also been noted by Escomel in Peru Tejera in 
Venezuela and Reichenow in Guatemala 

Ocular Symptoms — Romano (1935) called attention to unilateral 
opthalmia characterized by palpebral oedema conjunctivitis and sw elling 
of the regional nodes He thought the condition of diagnostic significance 
and that the opthalmia vias due to a local moculation of the conjunctiva 
with the parasite introduced m the faeces of the Tnatoma He reproduced 
the condition CTpenmentally in the monkcj in this wa> 

Olle (1937) and Mazza (1933) have also emphasized the importance of ocular eymp 
(oms ID the d sease in which there is aoi or bilateral palpebral oedema and conjuncti 
vits loseioeeases Mazza observed dislu bancesofvisionandezopthalmos Chagas 
al 0 has described opthalmitis with suppurati n Mazza has found leishman a fo ms m 
sparse granulat ons over the tower tarsal conjunctiva together with g nt cells In 
several of his eases dac yo aden tiswaspromioent id one spreading to the sub maxillary 
and cervical gUnds 

Other lymphatic glands and the spleen also may be enia ged The ease may give 
the picture of a meningitis in which form the disease 1$ exceed ngl> fatal During the 
febrile pet od parasites are to be found m the blood but in the afebrile interval whirh 
alteroate with the febrile ones parasites ate absent or scarce 

Mazza and Urcelay (1941) have reported upon cutaneous lesions of 
Chagas disease (Chagoma) which may be produced by the injections of 
filtered emulsion of the disintegrated bodies of T cru t taken from culture 
Pathologically there is a fat necrosis especially of the tissue cells It 1$ an 
initial inflammatory stage with proliferation of the reticular histiocytes 
The primary tumor may appear at the bite of the Tnatoma and secondary 
tumors develop elsewhere 

Chronic Type — If a child does not die or rccov er from the acute stage 
the disease passes into a chronic one where in addition to enlargement 
of the thyroid and the lymphatic glands loss of hair dullness apathy 
nervous disorders alterations of speech and particularly convulsions are 
said to be striking symptoms The type of the disease as seen in adults 
is generally chronic In the chronic cases the parasite is no longer found 
in the peripheral circulation but is presumed to be present in the tissues 
The adults were said to often show enlargement of the thyroid gland and 
manifestations of myxoedema The lymphatic glands may be particularly 
attacked but in other instances the adrenal has been involved and then 
symptoms of Addison s disease appeared If the heart is involved cardiac 
irregularity may be striking There may be an. irregular fever accompany 
ing the synipfoms and a marked anaemia 

Chagas also dtscnbed in detail la cariier years a cardiac form of the disease in 
which the parasite invaded the myoeatdinm He divided the cases into 3 groups one 
in which the cardiac changes were of muscular or gin and theoth r in which the changes 
were associated with deficient nervous 1 fluence The latter however were usually 
associated with the former Arrhjrthmu constituted the most important feature in 
such cardiopathi s and its arious types indicated the anomahes of the principal func 
tions of the muscles The properttesof thecaidl q muscle fiber that became pnnapaUy 
auected were Iho e of excitability and condnctability The alterations of excitability 
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cncf^iv^e^ exlnsyscnfrs «hichMcur |i«* «ilh extreme ftetiuency enJ withgmt vxnety 
The e*Jr»»)‘5tolf» were of lurtruLif or tetiCneaUr nriKtn They may l>e tttwalfd w 
each txrduc cytle giMnj* to the fnilNe the cU< ic a pert of biprjniny Mlerati os ef 
th)thm may (>e oWt\e1 m any »i^e t%en in chi1 Iren of 6 an M yean Next to the 
arrhythmia fri m extra jstolra attiibutabk to dirturtuncee of excitability tame in 
order of frequency the lUrrati n» tf tfie con luctal ilily of the myocardium and all 
gradea of lislurUatices of the lunelii n may he f resent from ils aJighteat gradej op to 
complete blocW with interdependence of the ama auricular and stnlnculit rhvtbms 
When the bundle of Ifia was attacked by the f>arasitri he founl there minht result 
complete heart blxk the true ^dams Stokes aynfrome in which the concomiiant 
nervous disturbanm are preseni 

Chagas believed that there is no other disease in which the alow pul e was observed 
with ao great frequency Heart I lock may occur in children of ft to i> years Death 
caused by the cat iiac fortn usually occurre f ftomasvatole due to progressive weakeainj 
of the heart The patients then ptts<n(e Icenentiaed and ptoKreisive oedema visceral 
congestion and other symptoms that characieriaed cardiac asystole Another mwle 
of death was from cardiac syncope indivi luals in conditions of relative health dying 
auddenly t hagas believe I that these were either cases of complete heart block or 
death was doe to ventricular fbrdUtion Thus the patients frequently comp’imcd 
of preeordial anxiety and a sense of consinclion other patients referred to gfoeral 
malaise with unpleaunt perception of the heart beats finally a Urge number of piuenli 
complained only of the ai?iny without being aWe to drhne or Ixalire the arnsstiOM 
that coRsiitute it Tslpitati ns an I faintness were also very c mmon fympCe">a. 
Faintness at other times rnight be intense an ) accompanied by vertigo and lost of cuo 
viousness \\ ith reference to peo|pinsis the canliac furm w as the type which occa 
stoned the greatest mottility the disease proceeding more nr less rapidly to a fatal 
terirmainn 

Couio (tgj6) has also reported in a somewhat similar manner regarding 
the cardiac dtsiurlanccs associated tilth myocardial lesions emphasumg 
the cardiac arrhythmias the bradycardia and occasional eatras«iol« 
In one case the symptoms of heat block became cspeenlly manifest and 
Stokes \dams syndrome appeared 

During recent s ears there hax e been great diflercnces of opinion regard 
mg the sy mptoms originally reported for this disease Kraus cmphasires 
that the svmptomatologt o( the chronic form had been confused owing 
to the fact that many patients were suffering from endemic goitre and 
cretinism and points out that Chagass work was done in a hilly region 
m which 75 per cent ol the native inhahitants have goitre and where a 
cretin or paralytic occurs in every family A study of the prevalence of 
endemic goitre in Drazil in four of the northern provinces other than Mmas 
Ceraes (jQyS) showed that from rs to 45 per cent of the inhabitants were 
suffering from goitre Kraus and others appear to have demonstrated 
that goitre cretinism idiocy aphasia and infantilism are not the result 01 
infection with 7 cm 1, but are manifestations of an entirely independent 
condition namely endemic goitre and ctctimsra These observations are 
also borne out by the experiences m Guatemila and Panama where none 
of the cases showed evidences of goitre or of cretinism In the report of 
Dc Coutsev s fatal cases m Panama the thyroid was found to be firm 
and of normal size hence it seems that m many of Chagas s original cases 
the trypanosomal infection was superimposed upon the goitre Leite 
(1939) has studied the question anew m Hraed and brings further evidence 
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that the occurrence of goitre m patients suffering from American trypano 
somiasis cannot be considered as an essential part of the disease and is 
probably accidental 

The question of whether Trypanosoma cru i is responsible for the large 
amount of chronic mjocarditis which pres ails for example in Brazil is 
still disputed At the present time it can only be stated that there seems 
to be fairly clear evidence that myocar Jial degeneration is a very common 
cause of death in the regions in South America where infected Tnatomata 
and cases of human infection with T cru » are known to occur but the 
evidence that such myocardial degeneration is assoaated with previous 
infection of T cru i is by no means satisfactory since this form of chronic 
heart disease may be due to myocarditis of other origin as to syphilis for 
example Certain of these cirdiac disturbances may possibly have their 
origin in or be influenced by vitamin deficienci^ Mazza (1938) reported 
a chronic case of the disease m a child detected when 6 years old who was 
seen at inter\ als up to the time of her death 10 y ears and 5 months later 
At the autopsy there was chronic inhltrame myocarditis with cellular 
in&Uration degeneration or stnationm places Unfortunately there is no 
tepoit of whether trypanosomes were found at any stage of the disease 

Procnosis 

The acute stage of the disease is usually of short duration Among 
'ery young children in severe cases a considerable proportion of deaths 
ht\e been recorded by Chagas In 1916 he studied 29 acute cases Of 
thesess were in the first year of life ii in the second and one of 3 and two 
of 4 years Elesen of the patients died 8 of whom were under 1 year of 
age Of 19 cases discovered in Panama 7 were under 3 years of age and 
3 of them died Two of the 3 acute cases which ha\e been reported in 
Venezuela died both of which were m children Of the 83 cases diagnosed 
by the discovery of the parasite m Argentina 26 were under 3 years of 
age and 4 of the 5 cases recorded as having died w ere in this group \ orke 
(*937) reports that among the 117 cases including some adults which 
have been diagnosed by discovery of the parasite in places other than 
Minas Geraes (4 from Sao Paulo and 113 fromcountnes other than Brazil) 
only 7 deaths have been recorded In these 7 apparently the diagnosis 
was definite while Mazza (*937) who has analyzed reports of 240 cases 
occurring m the Argentine states that the fatality rate was only 5 8 per 
cent Tahce (1938; describes an acute case in a man 20 years of age whose 
blood was positive in which the duration of the disease was only 10 days 
and the patient discharged from the hospital well 

Chagas believed that sixmtaneous cure does not occur but that those 
who escape death in the acute period all pa s on to the chronic stage of 
the disease the manifestations of which are due to the multiplication of 
the parasite in the internal organs It has already been noted that in 
older children and adults the infection frequently has produced no impor 
lant symptoms beyond possibly a mild febrile disturbance The outlook 
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included extrasystolcs which occur herewith extreme frequency and with great variety 
The extrajystoles were of auricular or \entncutar origin The) may |>e repeated u 
each cardiac cycle gi'ing to the pulse the cla sic aspect of bigemmy Alterations of 
rhythm may lie observe 1 in itiy age even in chiilrrn of 6 an J S years Next to tbe 
arrhythrnia from eitrasystnW attnhulabfe to ifisturbanccs of excitability came m 
order of frequency the alieratnna of the con luclabihty of the myocarlmm and all 
grades of disturbances of the function may be present from its sli hlest grades up to 
complete block with interdependence of the »ino aun utar and ventricular rhythms 
A\hen the bundle of Ifis was allaekrtl by the parasites he found there might result 
complete heart block the true Adams StoLcs syndrome in which the concomitant 
nervous disturbances are present 

Chagas believe I that there is no other disease In which the slow pulse was observed 
with so great frequency Heart blKk may occur ui chilJren of 8 to is years Death 
caused by the cardiac form usually occurred from asystole due to pmgTtssive weakening 
of thehrart The patients then presented generalixcd and progrrssiveoedema visceral 
congestion and other symptoms that cliaraclerucd cardiac asystole Another mode 
of death was from cardiac syncope indivifuits in con litions of relative health dyang 
suddenly Chagas believed that these were either cases of complete heart block or 
death was due to ventricular fibrillation Thus the patients frequently complained 
of precordial anxiety and a Knse of constriction other patients referred to general 
malaise with unpleaunt perception of the heart beats finally a lar^e number of patients 
complained only of the agon/ without being able lt> define or Jocalire the sensatwns 
that constitute it ralpuatiins and faintness were also very common symptoms 
Faintness at other limes might be intense and accompanied by vertigo and loss of coa 
sciousnes* With reference to pmgwsis the cardiac form was the type which occa 
sioned the greatest mortality the disease proceeding more or If s rapidly to » fatal 
termination 

Couto (1936) has also rcportctl m a somewhat similar manner regarding 
the cardiac disturbances associated nilh m}ocardta) lesions emphasising 
the cardiac arrhjtlimias the bradvcardia and occasional eTlrasvstoles 
In one case the s>mptoms of heat block became cspeciall) manifest and 
Stokes \dams sjTidrome appeared 

During recent years there have been great di/Tcrcnces of opinion regard 
mg the symptoms originally reported for this disease Kraus emphasizes 
that the symptomatology of the chronic form had been confused owing 
to the fact that many patients were suffering from endemic goitre and 
cretinism and points out that Chagass work was done in a hilly region 
in which 75 per cent of the native inhabitants have goitre and where a 
cretin or paralytic occurs m every family A study of the prevalence of 
endemic goitre in Brazil jn four of the northern provinces other than Minas 
Geraes (1938) showed that from 15 to 45 per cent of the inhabitants were 
suffering from goitre Kraus and others appear to have demonstrated 
that goitre cretinism idiocy apliasu and infantilism are not the result of 
infection with T cru^t, but arc manifestations of an entirely independent 
condition, namely endemic goitre and cretimsm These observations are 
also borne out by the experiences in Guatemala and Panama where none 
of the cases showed evidences of goitre or of cretinism In the report of 
De Coursey s fatal cases in Panama the thyroid was found to be firm 
and of normal size, hence it seems that m many of Chagas s original cases 
the trypanosomal infection was superimposed upon the goitre Beite 
(1939) studied the question anew m Brazil and brings further evidence 
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strictly specific The \alue of the antigen is said to be directly proper 
tional to the degree of parasitic infestation of the organs from y, hich it was 
made 


LscorU in 1937 used this complement fixation test in 200 suspected cases of 
Chagass disease in Mmas Geraes In 159 (79 s per cent) the reaction was positive 
Of these cases only 17 per cent gave a positive \Va$sermann reaction and these showed 
syphiliiic lesions ViUela (1930} reported upon the hfachado test with the serum of 
1S6 patients and obtained positive results in 39 per cent In 83 of the 1S6 cases the 
Wassermann reaction was also performed with 17 positive result but there was no 
pa allehsm between the 2 reactions Xhas and htazza (1934) have also found a posi 
ti\e hlachado reaction in several undoubted cases E v Chagas m t934 reported a 
positive Machado reaction in a ease of mabgnant disease which he infected expen 
me tally with T cu Before the infection the Machado reaction was negative but 
as early as ro days after the inoculation the semm gave a positive reaction which 


Fi 


t th 


became strongly positive on the 26th day The patient lived for 6 months after the 
erpenmental infection and during the whole of the time the Machado reaction remained 
strongly positive He also remarks that indi iduals who have been removed from an 
endemic area and who have not been exposed to reinfection may continue to give a 
positive Machado reaction lor at least 15 years 



Kelser (1936) described a modification of the complement fixation 
test In previous work the antigens employed had been prepared from 
organs of laboratory animals artificially infected with T cru t hence the 
potency of the antigens made from them differed markedly Kelser 
prepared his antigen from artificial cultures of T eru i m blood dextrose 
'^ith this antigen he tested over 400 serum specimens 
including a number of known cases of Chagas s disease m man and lower 
animals The test appeared positive m all known cases of the disease and 
negative when there was no evidence of Chagass disease Clark (1938) 



m chronic cases associated with endemic advanced goitre and cretinism is 
still further complicated 

Diagnosis 

Definite diagnosis depends upon the demonstration m the blood or 
tissues of T cru t or the demonstration of this trypanosome m animais 
inoculated with the blood of a patient It should be emphasized that 
frequently j t is only during the acute febrile stages in children, or in febrile 
attacks during the chronic stage in adults that the trypanosomes maybe 
discovered m the circulating blood In the earh acute stage of the dis 
ease, the microscopical examination of fresh cover slip preparations or of 
stained films may suffice for (heir discovery Sometimes however for 
their detection it may be necessary to centrifugalize the blood to concen 
tratc them When the parasites are not found m this way inoculation 
of the blood into susceptible animals has been found to be of great value 
From 5 to to cc of blood may be injected into guinea pigs or 
puppies Usually after about a weeks they are found in the blood of the 
animal If the trypanosomes are not subsequently found in the blood of 
these animals one may examine sections of muscle of the animals for the 
presence of the leishmania forms and attempts for cultivation from the 
animal s blood on NNN media may also be made A number of mvesti 
gators have been able to demonstrate the presence of trypanosomes in 
the blood of inoculated animals when they were too scanty to bf recog 
nized by direct examination of the patients blood Mazza (1939) sug 
gested the examination of sections of the liver or of the heart muscle 
obtained by the viscerotome when an autopsy is not obtained He thinks 
a form of nodular hepatitis is characteristic 

Brumpt has advocated the xenodiagnostic method in which labora 
tory bred Tnatoma are allowed to bite the individual suspected of having 
the disease After about « weeks the intestinal tract of the bugs is exam 
ined for parasites Great care must be exercised m the application of this 
test to be sure that the Tnatoma are primarily free from infection and 
this IS not always simple Also, it has been established that bugs can 
infect one another by coprophagy Dias in Rio de Janeiro, reported 
in 1936 that he bad applied the lest m 43 cases with 3 positive results 
In 1939 he reported 3 further cases, m which this test was positive 16 years 
after the original infection and when the presence of T crutt could no 
longer he demonstrated either by direct examination or by inoculation into 
guineapigs In his opinion, it is a diagnostic method of value Torrealla 
(1941) has diagnosed 22 cases in Venezuela by this method 

T cru t has usually not been found in the lymphatic glands but the 
trypanosomes hav e in some instances been reported in the spinal fluid in 
severe cases with meningo encephalitis Biopsy of an infected muscle 
has also been employed for diagnosis Positive results by the above 
methods have been obtained in only about a third of the cases 

ViUela and Bichlao attach value to the Machado reaction described 
by Guernro and Machado (1913) They believe that a glycerin and water 
extract of the heart and spleen of heavily infected puppies as ^igen is 
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Strictly specific The value of the antigen is said to be directly proper 
tional to the degree of parasitic infestation of the organs from whii,h it vras 
made 

Lacoite in 1917 used this comptement fixation test le lOO suspected esses of 
Cha^s s disease in Ktuias Gerse In ijp ^79 j pet cent) the reaction was positive 
Oitbcsecases only 17 per cent gave npo itiveVVa erisann reaction and tb sesbowed 
sypbliuc lesions VilleU (1930) repotted upon the hfachado test with the serum of 
1^6 patients and obtained positive results m 19 per cent In 83 of the i8d cases the 
VVassermatin reaction Nias also performed with 7 pos Use results but there was so 
patalleUsm between the a reactions Ihas and Alaxza (ipjvl have also found a posi 
tive 31 ebado reaction in several undoubted cases F v Chagas in 19J4 reported a 
positive blacbado reaction m a case of mabfnaQt disease wbicb he infected expen 
mentally with r cruet Before the infection the hlachado reaction was negative but 
as early as lo days after the loocufalion (he serum gave a positive reaction whefa 
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became strongly positive on the r6lh day Th patient lived for 6 months after the 
eipenmental infection and during the whole of the time the Maebado reaction remained 
strongly positive lie also temarhs that individuals who have been retroved from ao 
endenuc area and who have not been exposed to remfeclioa may coatii Je 10 give a 
positive Machado r action for at least 15 years 

f^elser (igj6) described a modification of the complemenl tualion 
Itsi In previous vtoil. the anttgens employed bad been prepared from 
organs of laboratory animals artifiaally infected with T cru t hence the 
poleacy of the antigens made ftom Uiem differed maiiedly Reiser 
prepared his antigen from attifici^ cultures of T cru t in blood dextrose 
agar nitdia With this antigen he tested over 400 serum specimens 
including a number of knonn cases of Chagas s disease m man and lower 
animals The test appeared positive la aS Lnon n cases of the disease and 
negative when there vas no ev idence of Chvgass disease Clark (1908) 
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TREATMENT 


reports that this complement fixation reaction is stiU being employed m 
Panama and the total number of positue cases so far is 63 

It should be borne in mind that a considerable number of cases ol 
V isceral leishmaniasis have recently been detected m Brawl and care 
must be taken to diflerentiate this infection from Chagas s di case Clstk 
(igjB) says that the serum oi several cases of cutaneous leishmaniasis did 
not give a positive reaction with Chagas's antigen 

Craig (1Q41I guts full descriptions of the KeUer Cuetreiro \fachado tilleh&nd 
Iticaho s Complement fixation tesla 1 acVchanian (1940! has described an agRlultna 
{ion test nh ch hcrtporls gives a high degree of agglutmatinn with the serum of animats 
infected nith Trypoiaja nr tru i the immune strum being obtained b} inoculating 
rabbits with washed cultures of this organism This test has apparently not bein 
employed for Ihe diagnosis of human cases Seitelcpe ftojjl has also recommended 
n slide agglutination test 

Mayer and 1 ifaro (194O have described the preparation of Ceuwn prei'ared 
from T iru i Thev have performed intradermal tests and have ol tamed definite 
positive results in infected persons the lest attaining a macimum n 48 hoi.» Thev 
rerorl u appears to be of great use m diagnosis Maua et al (1944) have also used a 
similar substance of emulsified cultures filtered through paper and a IterkefelJS candK 
for ntradtrmal reset inns in;ecl)ngo 1 cc In infected cases the immediate rc'ult is a 
pspulc and in half an hour a surrounding erythema 15 cm in diameter and m 14 hour 
I b> 4 cm then fading to the original sue by the fifih day 

PROmVLAXts 

On account of the general poverty of indivnluals who become afflicted 
with this disease the prevention of infection among them is difflcult In 
the adobe and thatched huts where the Ttigtomala most common!) hide 
eapectall) in the grais wails and in cracks and crevices m the adobe walls 
and roofs screening of the houses would largely be inciTective and sulphur 
fumigation would probably generally be of little avail The use of mos- 
quite nets on the other hand should be ettective to protect the sleeping 
individual from biles of the Tnaioma Mazza (1937) in most of the 
dwellings occupied by patients m the Argentine found puppies and cats 
natuiaUv infected Such infected domestic animals should of course be 
destroyed Whenever possible infected houses hould also be desttojcd 
and new ones built so that the armadillo cannot burrow beneath them 
Some of the species of Triatomo which normally feed on the armadillo are 
frequently found in the burrows of rodents and the parasite has been 
found m these bugs at considerable distances from human habitation On 
the other hand Tnaioma tnfeslans is repotted by Talicc (1938) as being 
strictly domestic and so never found far from human habitations this 
species feeding especially on man and domestic animals 
Treatmert 

The treatment so fat has been exceedingly unsatisfactory and the drugs 
which have been found most favorable for the treatment of African 
trjpanosomisis have been reported as of no value m the treatment of 
Chagas s disease 

A number of new chemo therapeutical drugs of the four ammo 
quinohne senes hate been recently prepared Of these lensch (193?) 
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states that surfen and surfen C and a third substance (related to these 
two in which the 2 ammo methyl qumolme nuclei are joined b> diallyl 
malonjl) possess activity against T cru t However these drugs are 
poisonous Surfen C certainly is contraindicated in human trypano 
somiasis as it produces acute nephritis Even when used in cattle 
trypanosomiasis it sometimes produces disastrous results the animals 
djmg within 15 minutes 

Is.mg Loune and Yotke (1938) m their studie of other new trypano 
cidal substances found that while undecane diamidme was trypanocidal 
to some trypanosomes tn vUro it was without action on T cm t infections 
in mice 

Mazza (1940) has reported that a preparation of Bayer 760 has a 
definite therapeutic activity in the treatment of the disease and that it 
can be considered as a specific remedy He found that atebnn which 
had been advised by some authorities was of no value 

According to Salvador Mazza (1942) Bayer 7602 belongs to the Surfene 
series of powerful antiseptics He suggests it owes its specific anti 
tryanosomic action to the position — 4— of its ammoqmnolyl group The 
Severkusen Laboratories which produce Bayer (AC) 7602 have not dis 
closed their formula * Other observers among them Cardoso and 
Rosenfeld have not obtained favorable results with this drug However 
Mazza feels that this was probably due to the small doses of the drug 
which were used and to the protracted interval between doses He 
believes that the dose should reach a level of 100 mgm per Kilogram of 
body weight in the shortest possible time and that this dose should some 
times be surpassed if there are no contra indications It has already been 
noted that drugs of the Surfene senes have been shown to be poisonous 
and m some instances to have caused nephritis t 

Kofoid (1937) has found that in cultures of T cru t arsenious tn 
thiosalicylic is most toxic for this parasite However this substance is 
also highly toxic to mammals 

Culbertson and Kolodny have shown that rats which have recovered 
from r cru t infection are completely immune to rpintection Thev found 
that administration of erum of a recovered animal will not prevent pro 
phylactically but w ill reduce the seventy of the infection When infection 
was established this serum would reduce the number of trypanosomes in 
the blood but the parasites increased again when the immune serum was 
eliminated 

When Chagas s disease is complicated with symptoms of myxodema 
treatment with thyroid extract has been advised 
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Chapter V 

THE LEISHMANIASES 

Under the term leishmaniasis there have been included three affec 
tions known as Indian kala azar infantile leishmaniasis and tropical or 
oriental sore conditions caused by protozoan parasites perhaps of differ 
ent species or varieties of a species of the genus Leishmama although 
morphologically the organisms are practically identical It is now 
believed that Indian kala azar and infantile leishmamasis are either closely 
related or identical diseases and that the naso ora! South American 
leishmaniasis is a variety of oriental sore The clinical forms may be 
conveniently divided into nsceral and aitaneous leishmamasis The 
ttseeral forms are characterized by irregular fever of long duration a 
chronic course splenic and often hepatic enlargement emaciation 
anjtewis and leukopenia In the cutoneoHr forms nodules and ulcerations 
result and the infection with the parasite is usually local and not general 
The skin and the exposed parts of the body and in the South American 
form the mucous membranes of the nose mouth and pharynt also are 
particularly attacked In addition dermal leishmamasis may occur as a 
complication or sequel to visceral kala azar and particularly as a post 
kala azar condition in cases which ba\e been treated with antimony 
compounds 

Synonyms — For Indian Kala azar — dumdum fever tropical splen 
omegaly black sickness, for infantile kala azar — splemcanaeimaof infants 
ponos for Eastern cutaneous leishmaniasis — oriental sore Delhi bod 
Biskra button Bagdad bod bouton d Orient Aleppo bod granuloma 
enderaicura salek (Persia) for American cutaneous leishmaniasis — 
espundia bubas uta forest yaws 

Defimtion — Kala azar is an infectious disease characterized by a 
persistent fever of alternating remittent or intermittent type The 
disease rapidly leads to a cachectic oindition with ultimate great enlarge 
ment of the spleen and later of the liver There is frequently extreme 
emaciation The fever lasts from a few months to several years The 
course of the disease is often concluded by a terminal infection the 
mortality formerly averaging in India m untreated cases as high as from 
8o to 96 per cent The malady is doe to a minute protozoan Leishmama 
donovam which has been shown by artificial cultivation to be one stage 
of a flagellate parasite and the most recent evidence indicates that it is 
transmitted probably by a blood sucking arthropod Pliiehotomus 

Geographical Distnbuhon and Prevalence — The disease is widespread 
and very prevalent in parts of Asia and in Furope in countries bordering 
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on the Mediterranean and in parts of Africa In India where it was first 
recognized its incidence while lai^ly limited to the eastern side of the 
country as far south as Tuticonn has gradually been found to be wider 
than was first supposed Assam Bengal Bihar and Madras still remain 
mg the most heavily infected centers and there has been an increased 
incidence in these areas and in Sikkim in recent years (Napier 1939) 

Shortt Crs. ghead and Swaminatb suggest that an ezteasion of the endenuc areas 
has probabi)' occurred to include not only the whole east coast of India including the 
southern portion of Onssa but that al o there has probably been an e tensi n of the 
Bihar focus m a westerly direction to Lucknow and Allahabad However the disease 
in some of the western areas is not common and other ob erveis hav e thou ht that the 
cases seen m the Punjab for etami^e were largely imported ones In the north its 
extension m Assam and Bengal is himted by the foot hilts of the Himalayas and in 
the east apparently by the range of mountains that divides Bengal from Burma 

Kala azar is endemic m every district 10 Bengal Napier estimated that there were 
about a mill on people affected with it in this province and that in the Out Patient 
Department of the Calcutta School of Tropical ^fedlcule alone more than tooe patients 
were treated in a year In Assam almost the whole of the Brahmaputra Valley bat 
bees infected Pbpson (1949) slates that the disease has nowhere been completely 
stamped out is this area and is still found in all the plai $ d stricts with the etcepti n 
of the most north e sterly d strict of L Limpore The medical fficers of the Assam 
Bengal Railway found the disease common in the plains portions of the railway but ra e 
in all portions of the hill section between Sylhet and the Brahmaputra Valley and 
absent from the village above 1 000 feet However reports in 1949 show that a few 
cases have occurred m the Garo Hilb up to an altitude of 4 000 feel 

With reference to Its prevateocein Assam dunn the epidemic (19 4-1920) Shortt 
Craighead and Swaminaih report that the number of cas s treated during 19 4 195 
and 1926 was43 770 60 940 and 46 231 tlonever dunng the past seven years N pie 
and Phipson ( 949) gi e the average number of cases treated as 2 000 Nevertheless 
Phipeon (1949) believes that the conditioDS regarding kala aaar in Assam are unsatis 
factory because although the incidence b s been reduced from 7 68 per miUe at the 
height of the epidemic to about t $ per miUe and tem in d practically stationary for 
the past 7 years dunng the Cun nt year the incidence n most districts has shown a 
significant and perhaps an even oininous n e In (be Province of hf adras the C owded 
native Indian quarts s in filadras City and its suburbs have long been imp> tant 
foci of infection The whole eastern p tioQ of the Madias Presidency south of a point 
a Lttlc north of Mad as C ty » also endeinically 1 fected Napier (1949) emphas es 
the increased incidence between Bihar nd Bengal Kal azar cases coming for treat 
ment m Bihar in g were ronghly 1 000 m 9 15000 m 942 5000 10^937 

no less than gi 000 These cases were only those that cam volunlardy for treatment 
It IS assumed that ab ut an equal number of c s existed m the villages and did not 
come to hospitals or dispensaries for tie tment In Bengal excluding cases treated by 
hospitals and special k la az r d spensanes in 941 some 1 20 000 cases came for treat 
ment in 1936 some 160000 and in 937 some 200000 Castellam has seen kala azar 
in Ceylon and has noted ts occurrence in Burma but Napier d es not consider it 
endemic m either of these localities 

In China it has been found to prevail from Peking in the north 
through Chihl: Shantung Kiangsu and Anhwei m the region of the 
\angtze kiang River as far south as Canton According to Tavlor it 
prevails widely through south Manchuria rVs is the case in India the 
disease in China is confined to the low lying alluvial plains usually below 
an elevation of 200 meters The western and northern limits are so far 
as IS known the hills bounding the coastal plain \ oung and Ilertig found 



232 DlSTWBUnON 

the most heavily infected area to be a belt m the region of the old course 
of the Yellow River from the Province of Haichow to the sea with the 
heaviest centers near the Grand Canal The incidence decreased on 
either side of this belt, though there were small scattered foci of the 
disease chieflv in Shantung 

In earlier years Caatellam reported the presence of the disease in Indo China and 
Rogers in Siam Snuta has reported its presence in Sumatra but this last observation 
has not apparently been confirmed anynhere in this portion of the world The disease 
has nor been observed in the Philippine Islands 

In Central Asia ArtamonoS found centers of infection along the Central Asian 
Railway and espeeiallv in Tashkent It extends bterallv from the great centers of 
Samarkand Kokand and Andizhan m which it occurs chiefly m the sectors of the 
railway stations and more frequently amongst Europeans than among natives Of 
314 cases seen by ArtamonofI only toowercinnatives The disease is also endemic is 
Arabia and Syria (Lepine Hitel) as well as in Palestine (Canaan) Kulz has reported 
its presence in lower Mesopotamia 

In Europe the affection has been found in southern Russia m Trans 
caucasia, and extending eastward into TuiLestan m Asia The Medi 
terranean littoral contains several endemic centers— m Greece in the 
southern sections of Italj France and Spam and m the islands off the 
coasts of these countries The 3 largest foci according to Adler and 
Theodor (1931) are Catania Naples and Palermo A few cases have 
been reported in northern Italy and northern Spam DeMouUae (193?) 
reports that it is becoming increasingly common m Cherbourg Ririm 
lidis (1939} has reported Lala azar wide spread m the northern half of 
the province of Argolis Greece and Arar has reported a few cases, from 
1931-193S m Turkey 

In earlier years, the disease m the south of Europe bordering upon the 
Mediterranean was supposed to be confined to children Recently 
numerous cases m adults have been encountered m southern Europe 

In Africa the disease occurs m North Africa (Morocco Algeria Tunis 
Tnpolitania Cytenaica and Egypt) Cyrenaica appears to be the least 
affected though nowhere m North Afnca docs Lala azar appear to be as 
prevalent as in certain other parts of the Mediterranean region 

It has been encountered in the Kassala and Blue Nile distncts west of Abyssims 
from Khartoum in the north to Kodok m the south The incidence of the disease is 
reported as increasiiig in the Sudan espeaatly along the Entrean and Abyssinian fron 
tiers where 338 cases were reported in 1938 Its presence has also been noted in Kenya 
Colony and near Lake Chad and in tbe Gabon (French Equatorial Africa) Owen 

(1930) in reporting a case from Kano Nigena emphasized that the disease is uneom 

mon in est Africa Stephenson (1941) has reported an epidemic of Kala Azar m the 
Sudan which began in 193* and lasted/or about Sjears In 3 years at least 300 cases 
occurred in a population of 8 000 and the fatabty rate was So*" Few recovered even 
among those admitted to hospital and given tbe standard treatment 

The disease was not reported m the Western Hemisphere until recently 
Mignone apparently first observed a case in Asuncion Paraguay Mazza 
and Anas reported 2 cases of infantile kala azar m the northern part of 
Argentina where there were many immigrants from countries where 
kala azar existed In I934 Penna reported infection of the liver with 
Letskmama in several individuals in Brazil More recently Chagas 
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(1^36) in exammation of specimens of the liver obtained bj the viscer 
otome in the diagnosis of yellow lever found Leishmania in 41 of 47 000 
speamens Later Penna reported the number of infections was mcreased 
to 85 The distribution was found to be fairly general m the northern and 
eastern distnct of Brazil and in the Chaco district of the Argentine Cases 
of infection were observed in individuals varying from 4S days to 56 years 
of age the highest incidence of infection being under 6 years of age 
Cases have also been reported from Bolivia 

Imported cases of the disease have occasionally been observed and 
reported in the United States One such case diagnosed by spleen punc 
ture occurring in a Chinese student was reported by Mathieson and 
Watson in Minnesota in 1939 

Visceral Leishuaniasis 

History — The early history of Itala azar m India is somewhat obsi uie 
The disease first attracted public attention in 1882 when Clark of the 
Sanitary Commission of India gave an account of too cases described 
as a severe form of malarial ca^exia depopulating certain areas at the 
foot of the Garo Hills Assam The Garos called the a?ection kala aaar 
(black fever) and it appears that it bad been known to them since about 
1869 Its occurrence among them was one reason for their failure to be 
able to pay the land rents owing to the amount of sickness and disability 
it occasioned in the tribe The disease at times terrorized the natives 
who are said often to ha\ e mtoTicated afflicted patients and burned them 
m their huts to eradicate the malady 

This epidemic of fever advanced slowly up the Assam Valley and by 
1889 had spread 150 miles up the valley of the kamrup district 

It was also known that from iSja to i875<pi<IeRucsof the afirction under the name 
oC Surdwaw level oeettncd iw lowet Beopkl occauoaicg a tiuaelei oi a sulhon 
deaths and in some districts as many as jo 000 people succumbed bile the nature 
of Buidwan fever must be regarded as obscure it seems reasonably ceitam that the 
disease which was described by Dr French id 872 as having ensted in the Burdwan 
distnct Since 1S63 was fcala aear 

The Assam epidemic maintained a steady rate of progress up the valley 
and by 1896 it had overrun the next most easterly district of kowgong 
the death rate being so considerable that there was a decline of 31 3 per 
cent in the population of Nowgong in that decade Napier reported that 
the disease was at its worst m Nowgong between 1890 and 1900 and 
during this period the population showed a *s pcc ccfil decrease He 
suggests that in the great Assam epidemic virgin soil was being invaded 
whereas in South Bengal it had been endemic for manv vears 

The early history of kala azar m China is unknown No great epi 
demic m China comparable to that of Assam has been recorded though 
mild outbreaks extending over several years at a tune and outbreaks 
occurring in cycles of 15 or 20 years are said by koungand Hertig to have 
occurred Cochran who investigated the subject m 1913 found that all 
the earlier authentic cases had occurred m the country north of the 
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Yangtze River with the exception of Wnchang and Rmkiang Vihichate 
on this river 

Our knowledge of Mediterranean leishmaniasis or kala azar probably 
goes back to 1835 m which jear Roser directed attention to the occur 
rence of ponos or a painful enlargement of the spleen in young children 
on the Island of Spezzia Pallas also shortly afterward referred to the 
condition and it was learned that it was endemic m the Island of Hydra 
as well as in Spezzia 

Raranutsas (18S0) ahd SCeplianos (1881) gave ezcehent cLmcal accouati of tbe 
aflection which was said to commence dunng the first year of life the earbest symp 
toms being languor and pallor fever of an irregular character and enlargement of the 
spleen Cmaciauon became progressive the digestion was enfeebled and consUpation 
was nearly always present The spleen gradually attained a great size and was tender 
these symptoms deternuned the name 

Pathological examination showed tbecharacteeistic lesions of tuberculosis leuhaemia 
and malaria as absent Gabbi later proved that this disease ponos as seen in Spezzia 
was a form of leishmaniasis However the parasitic causation of }>Iediterranean tala 
azar had already been demonstrated in ipos by Pianese 

Etiology 

Giles who studied the afleetioB known aa kala azar lo 1887 having found ova of 
the hookworm in a great majority of the cases concluded that the disease was undouht 
edly a form of ankylostomiasis associated with malana Rogers iniSpfi afUrstudymg 
kala azar concluded (bat it was an intense form of maUnal fever This theory wsf 
opposed by >{aQSoa but was agreed to by Ross la 1899 who thought iowtver that 
there might be in addition some other form of infection Jn 1901 Bentley studied the 
disease and from the positive agglutinating reactions be obtained concluded that it 
was a malignant form of hfalta fever In 1903 hlanson suggested that it might be 
caused by a trypanosome since (be absence of mafanal parasKes and failure of treat 
ment by quinine argued against its being of malanal onpo On May jo 2903 leish 
man repotted finding what he considered a degenerated form of a trypanosome in the 
spleen pulp of a soldier who died in igooatNetley of dumdum fever He Erst saw these 
bodies years before be made bis publication noting them at the time of making an 
autopsy but he was then at a loss (o explain their sigmficance However m IV^S 
after eraauiutig a rat infected with tiypaoosoDuasis he came to the conclusion that 
there was a similarity in the parasites in the human spleen and those in the rat In 
July 1903 Donovan in hladras reported the finding of similar parasites in speameM 
made (tom sptemc puncture of cases of dumdum fever taken during life Lavetan ana 
Jfesml then examined specimens of IMnovai) a films and apparently owing to the fact 
that a number of the parasites appeared associated with or adherent to the red bbod 
corpuscles regarded them as piioplasmata and proposed the name of Piroplasma 
donovani However on further study this view was abandoned by them Ross (Nov 

14 and iS 1903) regarded the parasite as a eporozoon and suggested the name of 
Leishmania Thus the accepted name of the parasite became Leiskmama ionnani 

In regard to the etiology of cutaneous leishuMiuasis Wright in 1903 m the study 
of a case of tropical ulcer in Boston which occurred in a Child from Armenia found 
certain bodies which bore a close resemblance to those described by Leishman and 
Donovan He proposed the name of ndeesvxtt trgptcum suggesting that the parasite 
was a protozoan and allied to the nucrospondia Warwnowsky and Bogrow (1904) 
working in Russia also found a similar organism in a case of oriental sore in the body 
of a boy who had resided in Persia and proposed the name Ovoplasma cnenlaie for the 
parasite Subsequent investigators have shown that both ttnght s and Maranowskj^ 
organisms are morphologically ladis t i n gu ish able from that of kala azar and mult be 
included in the same genua Hence the oirrect name for the parasite of oriental sore 

15 ieirhfnanio Iroptca Wnght 1903 
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Because of the light thrown upon the etwlogy by these investigations it seems not 
improbable that this parasite cf cutaneous leis^ansa is had been seen previously by 
CutiniQghamintSSs intheexanunationotDeltUsore althoughheeapressedtheopuuon 
that It was impossible to come to a definite conclusion as to their nature or to the rela 
tion which thev bore to the disease When one examines Cunningham a illustrations 
one must admit that they do not definitely show that the bodies in question are para 
siUc m nature 

The etiology of cutaneous leishmaniasis has been discussed here with the visceral 
form Lala azar not on account of any debnite clinical relationship that may exist 
between the two but for the reason that the causative o^anum evidently belongs to the 
same genus and is clo ely related if not identical 

In 1Q04 Rogers succeeded in cultivating. Ltiskmania dennont from human blood 
obtained by splenic puncture which he placed in 1 cc of stenie salt solution and 5-10 
per cent citrate of soda the cultures being kept at JO -ji C and not above 15 C He 
emphasued the fact that the cultures wiU not grow if bacteria ate present Usually 
m 3 days the Sagellate stage was obtained and the parasites began to multiply 



Fic S4— Le hmanbodes n smear f sple n pulp On th I fl rmatf rms n the 
ngbt boat th p d f m (Alt r R 1 nowle (r m Brumpt ) 


Tour years later (190S] Ni oQe and Nicolle and Sicre obtained culuvation of Ltuh 
mama t of ca from onental sore an observation which demonstrated more clearly the 
close relationship of the two parasites and NicoUe gave the name 0! teishma la txfan- 
lum to the parasite causing hala azar in the Mediterranean area Subsequent work 
performed in diHerent parts of the world has established conclusively the fact that 
Letshman a do n 1 and Ltishn ania trefica are Uie actual causes of kala-azar and 

Later on cutaneous leishmaniasis was shown to occur in South Amcr ca and in 
1913 the Harvard Commission demonstiaud that the disease known for centuncs 1 
t'eru at uts was in fact a form of ieisbman avs and the members of the Commiss on 
recovered and cultivated the Itishnaiua {tom the Vet otis Escomel who studied pat 
ticutarly the nasal-oral form of (eubmaniasia termed etfundia tent preparations from 
the lesions to Lavtran and to Nattan l^mer who demonstrated leisbmania therein 
thus confirm ng Escomeli view of the natiue ol the affliction Vlanoa had already 
m 1911 suggested the name of to firatiffiuii tor the parasite that he Linden 

berg Spiendore and other woikcis had observed in cutaneous and nasal-oral lesions in 
BratiL E Chagas and his colleagues (1937) have given the same of L. cAa/on to the 
parasite obtained by puncture ol the hver froift udividuals in Bran! 
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Classification — Tfae parasites belong to the family Trypcnosmuiae 
and the genus Ltishmanta and occur m the leishmanial form in man and 
m the leptomonas form in the bodies of various insects From a purely 
morphological point of view, the tnetabers o{ the genus Ltuhnama ate 
not distinguishable from those of the genus Ltpiomonas In both, there 
occur only the leishmania and leploinonas forms However the members 
of the genus Leptomonas arc passed on from oae invertebrate to another by 
the contaminative method by means of encysted forms passed m the 
faeces No such stages are laown m the case of Letikmanta 



Pic ss — P las«llate forms of L donovam from culture (Courtesy U S ArrayMrdc*^ 
fHusmio Keg #3789} 

The Ltitkmantii (Leuhmaa Donovan bodies) are round or oval bodies averagins 
*-5H in diameter The aucieas t$ relatively brge and peripherally placed the kineto 
pUst u smaller tod shaped or oval and tet at a tangent to the nucleus A short 
slender filament the airooeme is someiitne^ seen estendiag from the blephatopUst W 
tie periphery la s Ronninowsky stain the cytoplasm is faiotly blue the nucleus 
appears as s tnass of bright red £ne granules and the kioetoplast St deep reddish puiple 
One or more vacuoles are comnwn see Fig 54 

Tie Letsktisifftia tnuUipJy by bioary fissKsn eritiw the cells of the host which way 
contain as many «* *00 parssites in a sin^ «eH Eventually the affected cell becomes 
destroyed by iWpiolifeiatioii aad dissopts setting bee the £,*isA»a>ufl •which ate then 
taVen up by other eodothehsi tells or the teuwytes arid monocytes of the blood 

Culiivafio/i may be obtained readdy in citrated blood or in moist tubes 
of NNN medium Growth occurs m the water of condensation Incu 
batioa must be at a temperature of *0-2^ C Bacterial coijtammatwp 
mbibils their growth 
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Cleveland and Collier found the following media most satisfactor> 

A paste IS made of *sgm. of Difco speaalhaemoglobmwjsocc of distilled water 
then an equal amount of Difco hvei infosiOD agar is added to it (removing the agar 
before use) Then sufficient glucose to make the mivture i per cent is added This 
mixture has also been prepared by tbe Digestive Ferments Company m a dchjdrated 
form and can be used by dissolving tbe powder in distilled water tubing and auto 
claviog This medium has been named haemoglobin liver broth LnoS (1938) has 
demonstrated that for growth leishmania require asoiibic acid haematm as well as an 
unknown substance which is present in the serum ken and Chung (193S) have 
employed embryonic chick tissue for cultivation of leishmania In the experiments 
m which whole chick embryo was minced finely and suspended m Tyrode $ solution 
successful cultivation was obtained Honever in a media contammg either embryonic 
chick bvei or intestine alone or of chick liver and chick bram no growth was obtained 

Leptomonas Fonns m Cultures and Insects — On cultivation the 
Leishmanta develop into ieptomonas forms similar to those found in 



insects After about 4S hours they increase in size and elongate until 
they reach a size of from 14-20;! in length by about 2;i in width Tbe 
kmetoplast is situated at the blunt antenot end and from it a long 
flagellum arises This is about the length of the body of the organism 
and there is no undulating membrane Multiplication is b> longitudinal 
fission and aggregations of the parasites in the shape of rosettes with the 
flagella toward the center may be seen Cultures may be kept for a long 
time by making transfers every 2 or 3 weeks but their virulence is apt to 
be lost Uenyon and NicoUe and others have preserved strains in this 
way for over 15 years 

Cultures of the organisms from man have been obtained particularly 
from the spleen and liver aswell asfrom the blood and bone marrow and 
Shortt, Swaminath and Sen have reported growing the organism from 
the centrifuged deposit from the unne of 3 cases of kala azar Napier 
believes its occurrence m the mine is only accidental dependent on the 
presence of blood or other leishmanta infected cellular deposit in the 
urine 
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DiSerenbation of Spenes of Leishmania - — As regards tbe varioui 
species of Letslmaina w)nth have been described in man {Leishinma 
dono ant, /etshmanfa ttifon^unt Letsh" auta Iroptca, leisnmama hra dun 
sir, Leuhiarta chagost and “the parasite 0} dermal kishrraroid”; d 
has gentraily been admitted that they are morphologicallv icdisti gu sh 
ahJe from one another 

Animal Inoculations —But little infotmafion regattimg differenfatio') 
lus been obtained from animal inoculations It has been found that 
Leishn ama donovant which produces a generalized infection in man, ma> 
m some instances give rise to purely cutaneous lesions in animal , as i' 
occasionallv docs in man, ubde Jetshmania tropica, which causes local 
cutaneous lesions in man, may in some mstances produce either a local 
ie<ion or a gereralized inlcction 10 animals 


\ 



Fif 57- Ateutiflitwotosctteofflig lUt (toptonmnas forrr) m inject (Oept ^rop 
Med ! arvard CpJrif y Sr» Jl Trap Med) 

Ntayer fi'und some sitainj of Leiihminta dmoiim more viruJent tban ome o£ 
Ixtsar’i'Snta Iropico jn ibat when $tnins of Ihe tatter were motuiated intrspentonealiV 
m f aropean hamslcrs \,Cricff /j/run ea/mur) onJyononeoecaston was ft genereii'^o 
infeclion producei CuHures of each epcow when inocuiated into the skin produeeQ 
similar local haen»rrJja>,ic areas irowever Row showed par’icularb thitiriiJino’Uft 
frifp a can induce a genrrahreJ irfectioa *h«n injected into the peritoneal cavity ot 
mice 

Adler anl Theodor (1930) infected » human beirg with cutaneous 
uiocu'atm? m teoal from a naluti^ly occurring on ntaj sote of a dos from Bagoao 
they believe fiat f here s. proof of a catsoeoae fo^numasi} commoa to man and do? 
atif that iriiAwi.’ita re/ica i a naturally occurring parasite of the dog They f^o" 
that d ffereat stra-as of Zcirimartia trpf ta vaned m their abi’ity to infect mice Some 
human and canine strairs u «e found to be non infective and oihers to produce visceral 
in £ cutaneous lesions after intr penteneal i^ocuktioo 

As ft result of bis erpenments G»i la tell >es that veiy httfe htfp can be obtsmea 
v\ the differentiation of Leishmaitta Irppua and lie organism of dermal leishmaBOid 
(tom the result o£ animal inocuiat on «Hif> 

Hindis has al > allerap ed to show d ffeientubrn of various strains of Leijamanwi 
{tota their inok-ulittotv into Chinese hamsters Cneef« us trtstus and Cruefuliu tn‘on 
The results obtained from the inocolftbon of an Indian strain direct f»ro one bamster 
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to aaotber resembled those obtained with the Chine e strain of kala az r On the 
other band the results of attempts to infect hamsters with Letshmanta mjanlum seemed 
to show that the hamster was much less susceptible to thi strain than to the Chinese 
and Indian kala azar strains of Ltnhman a 

Adler (1938) points out that the old siew that the South American species of Leish 
ta la could be difierentiated by the fact that it would not infect laboratory animals is 
not tenable smee he bas infected a Synan hamster with cultures of thi strain Da 
Cunha also re-empbasizes that the so called L chatast cannot be differentiated from 
L t fanlum 01 L danojant and that it can produce infection m hamsters monkeys and 
dogs 

Serological Tests — Attempts have also been made to differentiate 
the species by serological tests However as Wenyon and others have 
pointed out the use of such tests for the sejaration of true species of 
Lershmanta is of very doubtful value 

Noguchi in g34 and 19 6 employed sir ns of Ltiskmjnia ienovant Leishmania 
I fanlum Ltxshms a I pa and L t hm n a bra iluMSts Rabbits were inoculated 
intravenously with cultures of these strans on 4 occasions at 5 to 7 day intervals 
The sera from these animals were then used on the cultures to test their agglutinating 
power It was found that in dduUonsol I oorevcni loe the serum of the ammal 
inoculated with £eirAm4Kta detimni agglutmaled this organ sm and Dr A 1 tnfan 
turn but not the two others Similarly the serum from an animal inoculated with 
L shma ta I ap ca agglut n ted this organism alone the same as true of the serum 
of an animal inotnlated with Ltulim b I e > If the sera were added to the 
culture media directly they were specibc in changing the character of the growth of 
the homol goua organisms Hence be concluded that Liishmanio tropica and Leisl 
MS 14 brat be i s were serologically distinct from each other 

Rhgler also found that Lenkmema bro iliensu and Le sIm / nl m we e 
immunologically distinct from each other and from Le sk 0 a tropica However 
gener and Koch who earned out comparative serological testa with cultures of 
4 str nsofDrwAm niuand 1 strain of //rrp <0 lenai ctmocryAafi of the dog flea (which 
has been regard d as a p isibl vector of canine leishmaniasi } found that anti leish 
mania sera affected equally the diSerent species of Deist a a but bad no effect upon 
Her Pit onos eten cephaii 

Chodukin Fraachin and rirami (1930) Launnsch ( 931) and Zdrodowski and 
Woskresscnski (1931I have at o employed seroligical reactions and particularly the 
agglutin Uon test for differentiation of the species Lautinsich byu ing the agglutina 
Uon test divided the organ sms into 3 t)rpes — DruAiia a d novani identical or very 
closely related to DeisA nioin/snl m D sAnonia (re^ica and DeirAmanis b s i/iens 
However they emphasue that dcntiCcation of De ifm by serolog cal r actions is 
not so simple as has been supposed & cc different strains may vary in these reactions 
Also Ray who produced immune sera by the inoculation of rabbits with large 
qu ntities of pure cuitu es of DeiiAi dono^nt Lashman a Iropi a and Le sh a 
I opt a vai omeri a found that the sera read ly agglutin ted th culture forms but 
that in most cases they were not specific so that sepaiation of the paras tes was not 
possible by scrol gical tests Gupta also obta n d 1 decisive results and Da Cunha 
(1938 1940) was also unable to separate D cAagai D tnfanlim and D dnoiai by 
me ns of serolog cal tests as had b d su gested by pr louswork Attempted com 
plement fixat on tests also did not give sat f cti j re ults da Cahuna (194 1 who 
has carefully stud ed the serum ag hiUnation test concludes fi all> that it is of no 
avail in separat gsfecies f the genus Le shm as all the Lcishmanii wh ch h ve 
been kept in culdvatio contain a common antigen 

Rickenberg s Reacboa — Burrowa CboluLin Mesk S Sell nd Balachewa have 
employed the Rickenberg adhe ivc leactnin for d ffercnliation of the pecics but this 
reaction has been found e en morennsalisf ctoryfordiffercntiit in than the agglutina 
tion test 

Noguchi R1 fler and Clcvel nd and Collier (1930) attempt d to differentiate the 
human speaes by the use of culture mediacontaiiungv nous carbohydrates butfound 
differtnualioa by fermentati n tests was not po siMe 
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Differentiation of Leptomonas Ctenocepluli — Tyrzer and \ValV« undertook to 
determine if possible the generic and specific reJationship of Laskmants tnfanlum of 
infantile LaU azar and Leptomonas ttenoctphali paraiitic in the gut of the dog flea 
They concluded from their inveitigattona that the assumption that the organisms are 
identical can be definitely excluded on account of the differences noted with respect to 
morphology resistance to various temperatures and ability to multiply in the aamma 
lun body These factors as xeell as geographical distnbution they think make it 
appear preferable to consider the organisms as distinct 

Differentiation in Phlebotomus — Adler and Theodor (1927) have 
studied the behavior of Letshmama in Phlehohmus papotassa They 
infected these sandflies with Leishmama Iroptca Letshmania tro tliensir 
and 2 strains of Lttshmama utfantum, by feeding them emulsions of 
parasites through a membrane of rabbit skin, and found that some of the 
species differ m their behavior in the fly Forms from cultures of Leish 
mama fropica ingested by PMebotomus papafasstt behaved exactly as 
Leishmama tropiea ingested by the insect from an oriental sore that is 
the parasites after multiplying ascend to the pharynx and in a few cases 
enter the proboscis 

The pathogenicity for man of culture forms of Leishmama Ireftca 
wax increased by passing through a sandfly Adler and Theodor also 
tested a number of insect leptomonads and one from a plant in Phle 
botomus papalassii These were found to persist in the stomach for periods 
up to 1 X day s and m some cases to pass to the hmd gut They showed no 
tendency to ascend to the catdia The authors hehcve that it is cleat 
that the development of the insect and plant flagellates m PhUbotomtis 
papatassi is an illustration of nonspeaflc behavior 

Hindle performed experiments m which sandflies were fed artificially 
on cultures of the parasites m the flagellate stage The method used was 
that devised by Hcrtig in which the sandfly wax held m position m a glass 
tube by a split cork and the medium fed to the insect by means of a 6 ne 
glass pipette placed over its proboscis The results of these experiments 
suggested that the Indian strain of Leishmama dottovani does not develop 
in Phkbotomus clnnensis and PhUbolomtis mongolensts with the same 
readiness as Chinese strains of this parasite Also that Phlebotomus 
chinensts and Phlebotomus monioltnsis are not favorable hosts for the 
development of a strain of Leishmama vt/anlum Some of the Phle 
botomus mongole^tsts which were fed on cultures of Leishmama tropica 
became infected and showed flagellate foms free in the stomach as did 
the flies fed on an Indian strain of kala azar or with Leishmama infantum 
However the only flies that ever showed flagellates m the cardia and 
pharynx were Phlebotomus ehtnensu that had fed on hamsters infected 
with the Chinese strains of Leishmama donotam 

Hmdle concluded from ius results that although there is a general 
capacity on the part of Leishmama after being ingested by various species 
ol Phlebotomus to develop into the flagellate stage it is only when there 
IS 5(?roe biological relationship between the two that development proceeds 
further ^Vhen this occurs the flagellates became attached to the lining 
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of the gut and especially m the cardia they also invade the pharynx 
whence they may eventually extend into the proboscis 

Thus It wiU be seen that it has not yet been proved conclusively that 
Leiskmanta donojant Leuhtnanta tnfanlum Letshmanta tropica and Letsh 
mania brazihensts are separate species There are however epideim 
ological pathological and climcal distinctions between the visceral and 
the cutaneous forms of leishmaniasis which warrant the consideration of 
these dagellates as separate types 

Relationship of Animals to Human Infection — ^The only animal which 
has been found naturally infected to any extent with visceral leishmaniasis 
IS the dog The infection of the cat with Leishmania has been reported in 
a few instances In at least two the infection was visceral The dog 
however, has been shown to be very frequently infected with Leishmania 
particularly in southern Europe the Mediterranean areas and North 
Africa and the infection in this animal is often associated with the disease 
in children This naturally suggested the idea of the canine origin of 
human kala azar 

It was also ebsaivcd that id certain endemic areas «( oneatal sore dogs commosly 
contract the disease as in Bagdad but that in others the canine disease is unknown or 
very rate asm Palestine Similarly in the Mediterranean areas dogs and very young 
children eommouly suOer from kala azar On the other hand m India the disease was 
not founder was very rare in dogs and rarely seen m very young children However 
the idea of the canine origin of hfediterranean infantile kalt'asar was at first much 
strengthened by the fact that Basile reported finding leishmania like fiagellates m dog 
fleas and brought forward other evidence mcnminatiog this insect as a means of infec 
lion although this method of transnissioD was not later confirmed 

The natural disease in dogs as in man may run an acute or chronic course in which 
there is loss of weight, fever anaemia and enlargement of ibe liver or spleen The 
animals rosy die of intercurrent infections but recovery takes place more frequently 
than in hum n beuiga The first observation of canine kala azar due to L tan num 
was made by NicoUe and Compte (1998) in Tunis an endemic center of infantile kala 
azar The rate of infection has been found to vary greatly m the difierent localities in 
some instances only from 4-5 per cent of the dogs were infected but in Sicily Bas le 
found infected out of 33 easmined On the other hand Dono an working in 
Madras examined 1130 dogs 256 of wlucb came from the portion of the city where 
kala-azar was abundant without finding a single infection Donovan and Patton 
alter a further examination of 1000 dogs m Madras and Mackie in Assam also 
obtained only negative results ISevertheless the Indian virus may be inoculated into 
dogs if sufSciently large doses are injected intrapentoneally 

Hence it was doubtful at first wbetbei the naturally occumog disease of dogs was 
due to Leiihmania donaiatit or to some other speues but Uenyon pointed out that 
the frequent assoaation of the d sease in dogs with human cas s in the Mediterranean 
area and the morphological identity of Ibe parasites are facts which make it impossible 
to regard the orgamsm from dogs as other than ho kma lodo ot Since the Indian 

d sease is inocuUble into dogs be constdns (he various systenuc diseases m man and 
dogs as due to lorkmonxt d noro 1 Jn many instances there has been evidcnre thst 
the mfeclioD has passed from dog to man sJthough many other cases obviously have 
occurred wbch cannot be associated with any infected dog 

Basile in Bordonaro Sicily where there u a high percentage of naturally infected 
d gs, states that the extermination of these an mab led to an almost complete dis 
appearance of the human disease Choduku alter j years study on the question of 
the coiRlation between human and canine leishmaniasis in Turkestan emphasizes 
the degree of contact between man and dogs and pomts out that in a number 
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of instances actual contact between kaU azar cases and diseased dogs could be traced 
Out of 43 human cases 33 were known to have been la contact with dogs 16 Lavuig 
been in contact ^ ith known infected dogs 

la China natural infection of dogs with Letshmanta has been repotted by Andrews 
(>935) Lee (1937) and Feng (1939) and Ifoepph (1939) Andrews and Lee found 
feishniania in the spleen and liver of 3 dogs and Feng and his associates cutaneous 
lesions in 13 dogs Although the relationship between the Canineand human disease in 
China IS also not entirely clear nevertheless Feng and Chung (1939) have found that 
Pkleholomus r<r|efi/i var mongofenju and P (htnensit fed on 3 naturally infected dogs 
and r laboratory infected dog all became infected and (hat the rate of ufectioo of the 
flies was directly related to the degree of infection of the skin of the dogs However 
P chitKnsts appeared to be a much better intermediate host In tbs fly pharynx and 
proboscic infections were observed from the sth day after the infected feed but in 
P str/enU infection of these partsof the fly was never found 



Fic 38 — Show ng jna sjve flagellate ofection n Proventn ulus of P cht e sis 
fed on Dog 6 days previously X 8So (Preparat on of L C Feng and H L Chung 
courtesy of the Chinese Medical Journal) 

Chung and Feng (1939) have also found natural infection of P citnensts with leish 
mama flagellates Some of the flies caught in the kennel of a dog were found infected 
with kala azar P ehinensss was found to readdy suck blood from dogs 

Sun and u and Raynal (1939) also have found P chtnensu to be the most w ide 
spread species in North Chma and regard it as t^ cbef if not the only vector in that 
region Although transmission by the bite has not been achieied the lafrapentooeal 
injections of crushed infected insects into hamsters easdy produces infection 

Dogs have also been successfuBy infected with material from human leishmaniasis 
and camne cutaneous leishmaniasis and human visceral kala azar have been found m 
the same household 

In Brazil Chagas (193S) has found visceral leishmaniasis m 7 dogs and t cat as 
well as in some wild animals in Brazil 

From a large number (400) of postmortem eTamiaations of dogs Chodukm ano 
Soffieff concluded that cutaneous canine letahmaniasis is merely a symptom of a general 
ized infection In some with pramment skin lesions parasites were present also in 
the spleen or bone narrow The cutaneous Usions in dogs were reported as analogous 
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to those seen in hanistera inoculated with i ionatam or with the dermal leishmanoid 
of kala azar seen in India 

Hence the most important recent work strengthens the opinion that 
the dog may be the pnnapal reservoir of the disease m many localities 
though not m others Adler and Theobald think that the occurrence of 
kala azar in dogs and mfants in the Mediterranean and not m India may 
be due to the fact that the Mediterranean vectors P pertttctosus and P 
major may infect their victims very frequently by direct inoculation into 
the skm at the time of biting while the Indian vector P argenhpes may 
less frequently inoculate the parasites by their bites but cause infection 
by being crushed Since dogs are not apt to crush flies and infants are 
not as adept at slapping and cruahing them as are adults this may explain 
their lack of infection by the Indian species 

Susceptibility of Animals — Dogs cats monkeys mice rats guinea 
pigs Chinese and European hamsters and certain species of squirrels 
have all been shown to be susceptible to infection with Leishmania 
although greatly varying in this respect However m many instances 
the inoculation of the animal fails 

Guuea p gs ate difEeuU to isfetl but have been shoivn by La erao and Pettit and 
by Cupta to be m some instances inoculable Usually However they are entirely 
refractory to inoculation Rabbts are even more insuscept ble and no aatisfacto y 
results m general infect on have been recorded 

Successful moculaiion of monkeys Mmcus umtu lynmoltHS and rhttus has 
been reported by a number of observers Monkey infected intrapentoneally may die 
in I or a months or the d sease may run a chronic course ending in recovery As in the 
dog the infection shows many irregubnties 

Although intrapentoneal or intravenous tnocubtions succeed more often than 
subcutaneous ones none of the bboratory animab so far discussed can be considered 
as su table or easily su ceptible to i fecuon and none of them has therefore been found 
su table for di gnostic purposes or (or demonst aung the e st nee of infection in 
eapenmental work 33 hen infection docs occur in these animals it is usually of slow 
development and the number c( Lt I a * found i usually small 

By far the most satisfactory animal so far discov ered for experimental 
purposes is the Chmese hamster k oung and Smillie and Brown first 
reported that the Chinese hamster Cncefulus grtsriis is highly susceptible 
to infection with Letslimama donorant when the animal i» inoculated 
intrapentoneally with infected spleen pulp 

In one senes of 8 or g hamsters uocubted intnpeiitonealiy gr per cent were 
infected the Le jAnunxi berngfouDdintracellularly m the an mals from one to 33 d ys 
f(er inoculation t&e spleen becommg infecCCcl as early as the third day and the bone 
marrow in 46 days 

More recent work by Voung Ilerlig and Ion comhjmed the susceptibility of this 
hamster to infection However there w s » tendency to recovery from the mfecUon 
as was shown by the fact that out of SSyaiunials which were positive by liver puncture 
during life jo were negative at autopsy This h raster also became infected after 
Jntrapentone I in;ccti n of cultures Ifowr cr in a senes of seanScation experiments 
ith parasites from the organs of infected aminab only tS out of 63 became infected 
Feeding expenments were also performed 10 which h rasters ingested countless numbers 
(parasites but infection was not secu ed However Shorlt C aighead Smith and 
S iminith bter reported that bsmsteis cso be infected with Lciikmonia Jenetani by 
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the oral and conjunctival routes if paiaaitea from the spleen and liver of other hamsters 
or cultural forms ace ingested They think these eTpenments prove that the assump 
tion that the parasites whether in the LettkMann or Leplomonas form ace unable to 
survive m the intestine because of the presence of the bactena is incorrect They also 
beheve that the hypothesis of oral infection in kala azar is thus reopened 

Mayer has found that the European hamster Cncelulus frumentanus is hVewise 
susceptible to infection 

Blanc and Caminopetros have reported that the small hlacedotuan marmot or 
spermophile CtfiUwr ttliUus is very susceptihle to kala aar, whether the virus is of 
human or of canine origin It was easily kept in captivity and should become a useful 
laboratory animal 


Epidemiology and Endemiology 
Three factors essential for the propagation of Lala azar are the pri 
mary source of infection the transmitting agent and a susceptible popu 
lation More or less association between the sick and the healthy also 
appears to favor the spread of the disease Apparently through the fact 
that the healthy are CTposed to the same infectious agent that the sick 
have been The agent which transmits the infection is influenced to a 
certain degree both by the local and climatic conditions Thus, as we 
have seen, the disease has sharp geographic limitations to certain tropical 
and subtropical localities and it has not spread be>ond its endemic areas 
in spite of opportunities afforded by commerce pilgrimages and emigra 
tion It IS not usually however, a disease of ver> hot climates, and when 
It occurs in tropical countries it usually prevails particularly m the cooler 
seasons either during or after the rains 

In India Roger* noted that the onset of the largest number of cases was in the cooIn 
weather in Februaiy and in Assam it has long been recognised that the majority of the 
cases occur in the cooler penods from November to February Napier who analyzed 
the onset of iOoo cases la Calcutta found that lo June and July there were very few 
Then the curve began to increase and reached its height in January In the Sudan 
Archibald and also Henderson found that there seemed to be a greater incidence in the 
penod following the rains between August and December although as he emphasizes 
in considering the incidence of the disease the long incubation penod must be borne in 
mind Gabbi found that in Italy the greater number of cases occurred in March 
April and May Caroma also observed that in Palermo most of the cases began in 
winter or spring and Abate found in Catania that there were twice as many cases in 
March and April as in August and September while Spagnoho and Fouzo also observed 
that most of tbe cases seen in Italy began id theeariyspnng Rhoudkinin Samarkand 
noted that both infantile and dog kala azar occurred in the spnng of the year particu 
larly m May 

The influence of the climate and particularly of the humidity upon 
the incidence of kala azar in India has also been emphasized by McCombie 
Young, who found that the distribution of the disease in India is related 
to a high degree of humidity combmed with a mean mmunum tempera 
ture not less than 50 C in the coldet months of the year He also 
studied the seasonal incidence of kala azar m Assam but found that it 
varied m different parts of the province Owing to the long and uncertain 
incubation period it was difficult to ascertain the seasons of maximum 
infection 
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Napier also points out that a common factor of the endenuc areas m India appears 
to be a degree of humidity which is indicated Iqran annual mean of daily mean humid 
ities of at least 6o per cent and for at least 5 months of the year a monthly mean of 
8 hours humid ty of at least 80 per cent The highly infected areas have even higher 
degrees of humidity He also points out that in practically all the endemic areas the 
normal annual rainfall is above go inches 

The temperature conditions common to the highly infected areas are a monthly 
mean maximum temperature that is always below 100 F and a monthly mean mim 
mum temperature that is above 45 F a mean annual diurnal range of less than 20 F 
and a diurnal range of less than 12 F for at least 3 months of the year In a few 
instances in the areas of low endemioty the monthly mean maximum temperature 
rises to to; F and the annual mean diurnal range 1$ as much as 24 F 

However m China the mSuence of these climatic factors has not been observed In 
China loung and Hertig found that an analysis of the records concerning about 850 
tala azar patients treated at the mens hospital at Ifsuchswfu revealed no evidence 
of any seasonal variation in the disease as far as could be judged from the timeof onset 
as given by the patient or the dateof admission to the hospital These findings agreed 
with those of Patton and Hindle based on the study of 30a cases in Shantung \ oung 
and Hertig also point out that tbe 1 nuts drawn by Napier for various climatic factors 
such as temperature humidity rainfall etc which correspond with the distribution 
of kala-naar in India appeared to have little influcDce on the occurrence of the d sease 
in China The climate in North Cbna is of course more temperate than that of India 
and tbe rainfall is more moderate about 5 inches 

Two outstanding features of the disease both m India and China are 
that It 18 generally condned to alluvial plains and does not usually occur 
abot e a greater height than 2000 feet above sea level A notable exception 
reported is that of Savage who observed 3 cases of kala aaar in European 
bo>s attending school at Sanawar in the Simla Hills and the few cases 
found m the Garo Hills 

The disease is also one of rural districts m both India and China 
Young and Hertig point out that la China no large city is known to have 
much kala azar though it may be surrounded by heavily infected villages 
Napier and Muir also state that m India it is essentially a disease of rural 
districts as against towns although it does occur to a lesser extent in 
towns They found that it was often rampant in old established villages 
sheltered by abandoned vegetation whereas newly established and more 
open villages m the immediate neighborhood were free from the disease 

Id distnctg around Calcutta it has been noted that it 13 associated with soil unpio 
tected by pavement or cement with abundant vegetation and with ground floor 
residences also under certam conditwos with insanitary surroundings more especially 
whenthesewerecooDectedwiththeprcsenceofchidcensorducks In China chickens 
are housed or kept in tbe v cinity of the bouses and overcrowding m the houses is very 
common as is the case In India However Napiec bebe es that crowding does not 
nlluence the prevalence of the disease In Indu as in most countries kala azar is 
limited more or less to low lyiog distrKts and to areas adj cent to stagnant or running 
water In Italy likewise the disease appears to occur only at low attitudes and to 
favo country districts rather than towns When occurring in the Utter it is particu 
larly confined to the outskirts (Caroma ‘Ipagnotio Adler and Theodor) In the 
endemic areasof Italy it has been notedthat the houses are U1 ventilated, ovcr<rowdrd 
and more often occupied by domestic animab more particularly dogs 

In the Sudan as m India the disease occurs particularly in vilUges adjacent to 
kbors and nvers where incidentally maUria u also endem c Archibald emphasizes 
that It has never been found m and aieas or desert In India kaU-azar has been 



244 


EPIDEUIOLOCY 


the oral and conjunctival routes >f parasites from the spleen and liver of other hamsters 
or cultural forms are ingested They think these expenments prove that the assunp 
tion that the parasites whether tn the iMshmanta or Leptomenas form are unable to 
survive m the intestine because of the presence of the bactena is incorrect They also 
beheve that the hypothesis of ora) infectwn in kala azar is thus reopened 

hlayer has found that the European hamster CrutluJus /rumtnlarius is hkewise 
susceptible to infection 

Blanc and Caminopetros have repotted that the small Macedoman marmot or 
spermophile CitMus cttiUus is very susceptible to kaU-azar whether the virus is of 
human or of canine origin It was easily kept in captivity and should become a useful 
laboratory animal 


EpiDEinOLOCY AND EnDEUIOLOCY 
Three factors essential for the propagation of kala arar are the pn 
mary source of infection the transmitting agent and a susceptible popu 
lation Afore or less association betneen the sick and the healthy also 
appears to fa\or the spread of the disease Apparently through the fact 
that the healthy arc erposed to the same infectious agent that the sick 
have been The agent which transmits the infection is influenced to a 
certain degree both by the local and climatic conditions Thus as we 
have seen, the disease has sharp geographic limitations to certain tropical 
and subtropical localities and it has not spread beyond its endemic areas 
m spite of opportunities afforded by commerce, pilgrimages and emigra 

tion It IS not usuall> however a disease of very hot climates and when 

It occurs m tropical countries it usually prevails particularly m the cooler 
seasons either during or after the rams 

In India Rogers noted that the onset of the largest number of cases was in the cooler 
weather in February and m Assam it has long been recognized that the majonty of the 
cases occur in the cooler periods from November to February Napier who analjsed 
the onset of jooo cases in Calcutta found that ts Juoe and July there were very few 
Then the curve began to increase and reached its height in January In the Sudan 
Archibald and also Henderson found that there seemed to be a greater incidence in the 
period following the rains between August and December although as he emphasizes 
m considenng the incidence of the disease the long incubaUon penod must be borne in 
mind Gabbi found that in Italy the greater number of cases occurred in March 
April and May Caroma also observed that in Palermo most of the cases began in 
winter or spnng and Abate found m Catania that there were twice as many eases in 
March and April as in August and September while Spagnolio and Fouzo also observed 
that most of the cases seen in Italy began in the early spnng Khoudkin in Samarkand 
noted that both infantile and dog kala-azar occurred in the spring of the year particu 
larly m May 

The influence of the climate and particularly of the humidity upon 
the incidence of kala azar m India has also been emphasized by McCombie 
Young who found that the distribution of the disease m India is related 
to a high degree of humidity combmed with a mean minimum tempera 
ture not less than 50 C la the coldest months of the year He also 
studied the seasonal incidence of kala azar in Assam but found that it 
varied m different parts of the provmce Owing to the long and uncertain 
incubation penod it was difficult to ascertain the seasons of maximum 
infection 
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Napier also points out Uiat a common tictor of tbe endemic areas in India appears 
to be a degree of humidity which is indicated an annual mean of daily mean humid 
■ties of at least 6o per cent and for at least j months of tbe year a monthly mean of 
8 hours humidity of at least 8o per cent The highly infected areas have even higher 
degrees of humidity He also points out that in practically all the endemic areas the 
normal annual rainfall is above £0 inches 

Tbe temperature conditions common to the highly infected areas are a monthly 
mean maximum temperature that is always below loo F and a monthly mean mini 
mum temperature that is above 4^ F a mean annual diurnal range of less than 30 F 
and a diurnal range of less than i F for at least i months of the year In a few 
instances in the areas of low enderaioty the monthly mean maximum temperatu e 
nses to 105 F and the annual mean diurnal range is as much as 24 F 

However in China tbeinduencoof these climatic factors has not been observed In 
China \ oung and Hertig found that an analysis of the records concemuig about 850 
hala-azar patients treated at the mens hospital at Hsucbowfu revealed no evidence 
of any seasonal anation in tbe disease asfatascould be judged from the time of onset 
as given by the patient or the date of admission to the ho pital These findings agreed 
with those of Patton and Hindle based on the study of 301 cases in Shantung \oung 
and Hertig also point out that the limits drawn by Napier for vanous climatic factors 
such as temperature humidity rainfall etc which cotrespood with tbe distribution 
of kala aar in India appeared to have bttle loflaeoce on tbe oecunence of the disease 
in China The dimatein North Chinaisofcourse more temperate than that of India 
and the rainfall is more moderate about rj inches 

Two outstanding features of tbe disease both m India and China are 
that it is generally confined to alluvial plains and does not usually occur 
above a greater height than 2000 feet above sea lev el A notable exception 
reported is that of Savage who observed 2 cases of kala asar m European 
boys attending school at Sanawar in the Simla Hills and the few cases 
found m the Garo Hills 

The disease is also one of rural districts m both India and China 
\ oung and Hertig point out that in China no large city is known to have 
much kala azar though it may be surrounded by heavily infected villages 
Napier and Iilutr also state that in India it is essentially a disease of rural 
dutncts as against towns although it does occur to a lesser extent in 
towns They found that it was often rampant in old established villages 
sheltered by abandoned vegetation whereas newly established and more 
open villages in the immediate neighborhood were free from the disease 

Id distncts around Calcutta it has tmn noted that it is associated with soil unpro 
tected by pavement or cement, with abundant vegetation and with ground Boor 
residences also under certain condit ons with insan tary surroundings more especially 
when these were connected with the presence of chickens or ducks In China chickens 
ace housed or kept in the vicinity of the bouses andove c owding in tbe bouses is very 
common as is the case in India However Napier believes that crowding does n t 
loQuence the p e alence of the disease In India as in most countnes kala-azar is 
1 mited more or less to low lying distncts and to areas adj cent to stagnant or ninnmg 
water Id Italy likewise the disease appears Co occur only at low It cudes and to 
favor country distncts rather than towns When occurring in th latter it is particu 
Uriy coafined to the outski ts (Carema Spagaobo Adi r and Theodor) In the 
endemic areas of Italy it has been noted thatthebousesaieiU ventilated over-crowded 
and more often occup ed by domestic animals more paiticulatly dogs 

In the Sudan as in India the disease occurs part cul riy in villages adjacent to 
khors and nvers where incidentally malaria >S also endemic Archibald emphasizes 
that It has never been found in and a as or desert In India kala azar has been 
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emphasized as a house and fansUy infectioB in certain Jocahlies but this is rather the 
exception in other countnes In the Sudan it has been exceptional to find more than 
one case m the same family and in the Mediterranean regions cases of infection m the 
same family have been noted hut are tare 

■ioung and Hertig point out that the inhabitants in Chinese Lala azar areas have 
little Bialana or hookviorm infestation although iti India and in the Sudan these are 
common among the kala azar cases In fact Napier lays great stress upon the fact 
that in India practically all kala azar endemic areas are malarious though of course 
the reverse is not true Tuikhud Knshnan and Seetharam also found that in Madras 
in every tala azar endeimc area which they visited there was a very close correlation 
between the degree of incidence of kala azar and of malaria They beheve that a 
malarial attack is a common precursor of kala azar in India and that malana plays an 
important part in the epidenuology of the disease by lowering the resistance to infection 
of the indiyidual in a community 

llcCombie Young also considers that epidemics of tala azar m India 
have been determined bj circumstances which have periodically lowered 
the general vitality of the inhabitants for example the influenza pandeauc 
as well as epidemics of malaria Napier and Gupta also emphasize that 
the susceptibility of the population plays an important part in epidemi 
ology Thus the histor> of the receot epidemic of the disease in some 
parts of Assam suggested that there both local and climatic conditions 
are aUva>s suitable for transmission and that the epidemic was brought 
about by a temporary increase in the suitabi]it> of the climate combined 
with a depression in the resistance of the population possibly produced 
by the influenza epidemic so that wherever infection was mtroduced in 
the form of a case of kala azar epidemic conditions prevailed 

Oa the ether head la eadeauce/eesm Beagel suchse Iheeneiavestigated la 1931 
when there was a wave of exacerbaUon «{ the disuse it was more widespread and less 
catastrophic ^loreover it tended to last longer unless the circle was broken by treat 
ment of the infected persons \ouog points out that under noimal conditions m these 
endemic areas chiefly children between Iheagesof 8 and 10 years are attacked children 
of other ages less frequently and adults comparatively rarely (and then possibly only 
when ui a low state of health or when they have been rendered susceptible by some 
specific infection such as malaria) In special arcumstances when inleclion in a 
village becomes very intense tbe locrdence among adults rises but this does not occur 
frequently 

These facts suggest that the prunary source of infection is always present that the 
local conditions are suitable for transmission as also are the clunalic conditions for 
some part of the year and that the population always contams a few susceptibles 
The balance is upset by a temporary increase in suitability of the climatic factor or by 
the lowenng of toe general resi tance of the population by some epidemic when theie 
is immediately a general exacerbation of the kala aaar throughout the whole area The 
factor which limits the extension of tbe disease is apparently the individual resistance 
of the majority of the population 'Whileinaiiy are exposed to infection few acquire it 
and still fewer develop the clinical syndrame kala azar 

In toe endemic centers in China Young and Hertig also point out that there has 
been no single gt at epidemic comparable to that of Assam However a well marked 
feature of the disease m China is that it tends to occur m cycles of 15 or 20 years but 
tbe incidence m each area or even each village may have no relationship whatever to 
that of neighboring ones This c^cle i chaiacteriKd by a mild epidemic extending 
over 4 or s years reaching varying mtensities and then decluung to a few or no cases 
for 10 or 15 years They beheve that the dechne of these local epidermcs cannot be 
attributed to the treatment and cure of cases as has been suggested by Shortt and 



TIIE T-FJSmfA MUSKS 


247 


\ouns m connectMn with the seme phenoineiu lu lD<2ia since histones of similar epi 
demies recuinog every ss or la years intli spontaneous declines are repeatedly related 
by the older inhabitants of China both in Sbantn g and haangsu 

The discovery of the presence of the condition known as dermal letsh 
maniasis as a sequel to the generalized infection or visceral disease has 
been recently noted as an epidemiological factor of importance Isapier 
and Gupta m their recent study of the epidemiology of the disease m 
India say that they had evidence to show that the Icishmania infection 
persists m the skin of a number of the persons who have been treated for 
visceral mfection Their figures indicated that 6 per cent of the treated 
patients of Calcutta showed clinical signs of the dermal infection and 
they suggest that m a larger percentage such infections ecist subclmically 

Usually about a year but sometimes several years elapse between 
the cessation of all symptoms of the visceral disease and the first mam 
festatiQRS of the dermal mfecuon Napier and Gupta believe that 
patients with these dermal lesions whether accompanied by other clinical 
symptoms or not may constitute reservoirs of infection It has been 
found that sandflies can be infected by feeding on dermal lesions not only 
on nodules but also depigmented areas Napier and Gupta beheve that 
eventually with the passing of each epidemic wave both in Bengal and 
Assam the clinical picture of leishmama infection will gradually undergo 
a change from the visceral to the dermal manifestations 

The fact that (re^ueotly in a household a sia le case e( the disease cropped up year 
alter year led Napier to wonder bow the source of isfecuoa was mamtamed in the 
absence of a clinical case of the disease and the question of an alienative host— mam 
mtlian avian or reptilian -arose This of course has been mvestigsted not only by 
Napier and Gupta but also by other workers wiUieolirely segative results However 
Napiers observatons tegarding the wide spread occurence of leishmanial skin 
lesions h ve made the alternative host hypothesis unnecessary He remarks that the 
skin lesiins are very chron c and might constitute a low grale source of infection for 
many years If this theory is correct the loc deuce of skin infection should be a 
measure more or less of the k la aui eodemicily in oy particular area 

However while m Bengal the incidence is high in other areas m India 
as well as in China and elsewhere there is no evidence that dermal lesions 
prevail or exist except in a very small percentage of the cases Also the 
kala azar patients with visceral lesions are probably a much wider source 
of infection than those with skm lesions alone 

Napier points out that the population of Bengal has now been subjected 
to infection with kala azar for some generations consequently when the 
disease appears there even when no treatment is given epidemic con 
ditions do not usually arise and the dermal lesions are far more common 
sequelae than they are among the mbabitantsof the more recently invaded 
Assam Valley where epidemics have particularly occurred In the latter 
province as the general immunity of the population rises through repeated 
outbreaks of kala azar it is suggested that dermal lesions may be expected 
to become more common 
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la their theory of the etiology acd epidemiology of the disease Napier and Krishnan 
lay stress first upon the host resistance or immunity and second upon parasitic 
vanability They point out that there is evidence of the enstence of a natural immu 
nity as the disease does not foUow the introduction of the parasite m every case The 
natural immunity differs in different individuals and children of certain ages are much 
more susceptible than adults 

There is also evidence of the existence of an acquired immunity since after establish 
ment of the infection spontaneous cure may occur This acquired immunity in persons 
who survive the infection is complete and is maintained for a long time smce second 
attacks are almost unknown They believe it permissible to assume that after genera 
tions of subjection to infection the host population m a specific area will undergo a 
change as regards their immunity 

Age — Age has an inffuenee upon the epidemiology of visceral leishmamasis Thus 
in the Mediterranean area the infection is mote common in infants from about i 4 
years of age while in China it is more common m older children and in India young 
adults are most frequently infected Nevertheless in all these countnes the infections 
may occur either in infancy or adult life In earlier years Lala-azar was thought to 
be more a disease of adults in India while in more recent years cases in adults have 
been found to be more numerous in the Afediterranran areas than was formerly 
supposed 

Sez — Statistics in general show that males are mote frequently attacked than 
females Under nourishment and debiLty are predisposing causes 

Occupation and Race —The disease IS rare evenin India amongst the better classes 
of white people American and Europeans A few cases among such people have been 
reported m Calcutta in recent yean and European planters living in comparatively 
well kept bungalows on tea gardens are occasionally attacked However while m 
general racial religious and cast distribution of the di ease in India have been found to 
be fauly even in his most recent survey Kapier (1930) found that the percentage mei 
dence amongst Christians was almost double that amongst Hindus In 8 out of 9 
villages with a purely Hindu population the incidence was very considerably less 
amongst the general Kiodu population He points out that the environment 10 which 
the Christians live is much more suitable to saadfiies than that in which Hindus live 
He believes the keeping of ducks and fowls m the compounds and even in the living 
rooms IS liable to faster a general uosamtary state of affairs and at the same time would 
undoubtedly favor the breeding of sandSies 

No occupational prevalence has been observed either in India or in the other 
endemic centers 


Transmission 

It has generally been conceded that an infected individual is essential to the cycle 
of transmission of kala azar and »Dce (he discovery of the teptomonas type of Lenh 
manta in artificial cultures and the close resemblance of these to the flagellates eneoun 
tered in different insects it has been assumed that Ltuhmanta donovant had an 
intermediate insect host For many years the search for such a host has been made and 
a very large amount of investigation has been earned out upon this subject both with 
reference to the Indian and Mediterranean kala aaar The parasites are often present 
in the penpheral blood in cases of kala aaar and here they may be readily ingested by 
certain bloodsucking insects while the flagellate forms which develop m cultures or 
Leuhmanta evidently represent a developmental phase which also occurs in some insects 
The life history of the parasites of human trypanosomiasis in which an invertebrate 
host had been demonstrated also suggested the transmission of kala azar by an insect 

The hedbug was first suggested by Rogers as a possible carrier of kala 
azar, especially on account of the house and site nature of the infection 
and'its madence among the poorer dass of Anglo Indians and Indian 
Christians in whose houses it was always found 
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In 1907 P»tton »howed that i{ bedbugs, Ctmex rriundatus were fed on the pe 
npberal blood of certain cases of hala aaar the parasites assumed the flagellate form 
and multiphcation tooh place within the intestinial tract of the bugs Wenyon (1911) 
and Patton (igis) showed that a similar devdopment taVes place in the intestinal canal 
of bedbugs which have fed over an unbrohen oriental sore or in the neighborhood of 

A number of investigators have since shown that Lenkmania are still infective to 
espenmental ammals after a sojourn within the bedbug Blackloclc and Lourie (igjO 
have demonstrated that viable forms of Letthnaitta can be passed up to 3s days m the 
faeces of atti&aahy infected bedbugs Cimex JeduIanM The strains of Leahmama 
employed in their expenments were Lettkmanta trepua Le shmansa donevam Ltish 
noma dormant var tn/anfum and Lntkmanio brcxtlicHstt 

hlore recent work ^s however shown (i) that while the parasite does develop in 
this insect it does not do so readily {s)In(ectionof the salivary glands or mouth parts 
has not been observed, but the contents of the hind gut have been shown to be infected 
(3) The parasite m the stage m whichit is present in the hind gut of the bug is capable of 
causing infection in an animal when aruficiaDy injected (4) Infection of an ammal 
has not been produced through the agency of the bedbug by any means that could con 
eeivahly be reproduced in nature (s) A bedbug naturally infected with Letihman a 
has not been reported 

Fleas — In the Mediterranean region the frequent association of 
human and canine kala aaar both considered to be caused by Ltishmama 
doKotioni suggested as a possible vector some insect common to both man 
and dogs 

Basil* (igri) first reported that the dog flea when fed upon spleen juice containing 
Uuhmonta became infected withcultnn] fonnsof the parasite Lster onheanneuneed 
that he had found fiagellate forms of Unkmtnta in the human Sea He also claimed 
to have transmitted the disease from dog (o dog by fleas However neither ttenyon 
nor DaSilva in a very careful senes of rrpenments were eb)e to con&rm Baeile s obsetvs 
tions They obtained no evidence whatever of sueb a development of Ltttkntanta 
ionovant m either the dog or human flea CtenoeepMut ttnts and Pultz tmlent and 
came to the conclusion that the flea la not the transnuUisg agent of kala asar This 
was later confirmed by the espenmenUof N coUe and Anderson and Napier 

Sandflies — Sandflies of the genus Phlehotomus were also proposed as 
being the agent of transmission These flies were first suggested as pos 
sible vectors of Letshmania fraptca in the Mediterranean area by Pressat 
(rgos) and the Sergents (1905) Wenyon in rQrr suggested them as 
vectors in Bagdad Mackie (1914) and Acton (1919) thought them vec 
tors of Leishmanta donovant id India However the erpenments of 
Knowles Napier and Smith (1925) particularly attracted attention to the 
importance of sandflies m the transmission of kala azar m India In 
that country Smton found that the distribution of Phlehotomus argenttpes 
coincided generally with that 0! kala azar 

Studies earned out upon this fly m CalcutU showed that S5 out of 36 female flies 
which were bred in the laboratory contracted a LepUmonas lufection after feedi g on 
kala azar cases Bred flies 46 m number f d on control cases acquired no such infec 
tiOD while 407 wild flies 317 females and 90 males also showed no infection S mi 
Uriy 2 o wild Phleiolomus mtnrUus were munfected However it was found that this 
spec es of the fly would not feed on mail Also S03 unidentified wild sandflies were 
found unmfected These observation* were confirmed by Christophers Shortt and 
Bairaud (192 ) who constituted a kala azar commission m India to mvestigate the 
mode of transmission of the disease They found abundant flagellates in the fed flics 
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up to the fifth day by which time the flies invanably died Later by lefeeding the 
flies after 4 days they could sometimes be kept alive to 8 days after feediDg and some 
of these also showed infection Napier and Smith in 1916 and J927 carried out eapen 
ments during a year in which 2338 sandflies were fed on infected cases of kala atarwith 
a proportion of success varying from 40 per cent infected in JIarch to notbng m Decern 
her and January few flies being available in the latter months owing to accidental loss 
Flagellation was found to be most active in the flies in the hot humid months June to 
September and slow or absent in the coldest months Development sometimes 
occurred in the flies even when no parasites could be found in the circulating blood of 
the patients upon which they were fed indicating that great multiplication of Ltish 
manta has occurred in the fly s gut 

Further investigations shouted that in Phlebotomus flagellates became 
abundant in the mid gut by the third da> after an infected feed and move 
forw ard to the pharj nx and mouth cavity on the fourth or fifth day On 
the seventh to ninth day after the flies have fed a second time the flagel 
lates often invade the proboscis and it is presumed thej must be inoculated 
into the skin when the insect bites again This is in striking contrast to 
what happens with true herpetomonads which naturally inhabit insects 
and which tend to move backwards toward the rectum and discharge 
Leishmama forms which may be enc>sted in the faeces 

Shortt Barraud and Craighead concluded that only experimental 
transmission by the sandfly would now seem to be necessary to prove 
finally the role of this insect m the transmission of kala azar One sandflj 
was caught in a kala azar house with the remains of a blood meal visible 
It was kept for 3 da>s until it died, when dissection showed a heav> 
flagellate infection especially m the regions of the proventncular fold but 
not more antenorl> This was the firs* naturaUj infected fly found 

\ oung and Hertig working in China found that Lttikmanta donevoni m a suspen 
Sion from hamsters spleens when injected into the coeloimc cavity of sandflies flagel 
lates and multiplies for at least 9 days id Piltbolomus serienti end that such flies am 
then capable of producing an infection when injected into hamsters However they 
were not successful m obtaining infection of ham ten by the bites of sandflies fed on 
kala azar cases or other infected animals Simdar tests were made by Patton and 
Hindle 

Adler and Theodor working in Catania with PUebotomas papalassit indPhlebotomus 
permetesus and their relation to infantile kala azar fed these flies on hamsters infected 
v/ithLetshmaniodonoiant There was a marked difference however in the percentage of 
the two flies that became infected FUcMomut pemuiosus gave a high rate of infection 
but Phltloiamut papatasm a considerably lower one from which it is concluded that 
Phleiotomus papalassit can be excluded as an important vector of kala azar in Italy 
Further they showed that when the proboscis of a sandfly is inserted into a capillary 
tube containing a solution of citrate of soda the mouth parts may exhibit all the move 
mentsof piercing wither without mgestwn of fluid Employing this technic according 
to Hertig s method with 15 Phleiotomus perntetosus which had ingested Leishmania 5 to 
13 days before it was found that in 6 instances the fluid in which the proboscis had been 
inserted contained flagellates which vaned in number from one to hundreds In all 
cases however the number was small compared with that of the flagellates found in 
the flies on dissection From these ezpenmeDts it appeared evident that the flagellate 
forms of Leishmania were able to leave the piobosas of PhUbotomus perntetosus during 
the act of biting a fact which might explain the relative frequency of Mediterranean 
kala azar m infants under la months of age They also showed that when ingested 
by PMebotomas papalassit Letskmanta tropica whether from the cultures or from the 
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soic multiples Ascends the cardia and phaiynx and to a few cases enteis the proboscis 
Three strains of Ltishmtnti donnam ol Mediteiranean origin also behaved in a similar 
manner Ifindle also has obtained lesolts similar to those of Adler and Theodor 
Sbortt Craighead Smith and Snamuiatli petfotned erpentnents in which an 
ttempt nas made to transmit hala arar to a volunteers by means of the bites of infected 
Ph! bolomui ariinUfes These however faded as did experiments upon ti white 
Duce and 15 Chinese hamsters In a second caperiment nith 7 volunteers a larger 
number of infected dies "as employed The 7 votuoteers bad never been m a hala 
azar area and as in tbe first ezpenment precautrons were taken to exclude other 
sources of mfccUon The flies used were exclusively those having their thud or sub 
sequent feeds as it seemed unbkely that flics at an earlier stage can be infective for it 
was found that after the second feed Iheh avy infections with flagellates of the anterior 
part of tbe alitnentary tract occur This second human experiment also resulted 
negatively although the intensity of feeding by flies naS immensely greater than would 
have been obtained under natural conditions As a result of tbe failure to produce 
human infections as well as infection of mice and hamsters by the bites of Pllcbolemus 
oritnlipti the authors remarked that they can only suppose that sorne essential factor 
in tbe process of infection has been omitted or that a vast amount of labor has been 
expend d dunng a penod of 5 years on an insect which is not an essential bnk in the 
eha nof infection I nowles suggests that the failure to (ransnut the disease by infected 
sandflies may be due to a natural lesutaoce which must be lowered b fore infection will 

However later Shortc Smith Swaminath and Knshnan announced 
that although they had made numerous attempts m tbe past to bring 
about the transmission of Indian kaia azar by tbe bite of Phltboiomus 
argenupes they ate now able to record the first successful transmission 
of It to an animal b> the bite of this insect This occurred in a hamster 
upon which 144 infected Eie$ were fed Apparently the only detail in 
which the present experiments differ from all tbe previous ones is m the 
somewhat longer penod between the commencement of the experiment 
and Its termination by the post moitero examination of the animal This 
period was one of about 17 months They do not think this an important 
point since the hamster showed no macroscopic enlargement of the spleen 
a fact indicating the probability of a comparatively recent infection that 
is an infection occurring late in the series of feeding experiments The 
fact that only 1 out of 42 hamsters experimented on along similar lines 
became infected indicates that the infection rate by the bite of Phhholomus 
argtntipes may be a low one 

Napier Smith and Krishnan (1933) reported additional successful 
transmissions to hamsters bj the bite of P argtntipes following repeated 
feedings and Smith Lai and Mukerjee {1936) hive reported a fourth 
successful transmission by this animal It is considered by these investv 
gators in view of these successful ttansmissions up to date the role of the 
sandfly in the transmi sionofkala azarcannotbejustiflably excluded and 
they think that better results would po sibly be obtained if the laboratory 
technique could be modified so as to obtain more natural methods of 
feeding P argenltpes Smith etal (1940) report more successful infection 
of hamsters with flies nourished on fructose 

Smith Haider and Ahmed (1941) have since fed P argeniipes upon a 
patient With Ada 1 ar and the insects were then mamtamed for 10 days 
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on a diet of raisins At the end of this time thev were offered a blood roral 
on etpenmental animals of 5 hamsters and 8 mice, upon which the) fed 
All the animals except 6 mice became infected * 

In view of the negative results of most attempts to infect bj the inoculative method 
Kith this fly It hud naturally been suggested that the insect mav be mstrumenUf in 
infecting b) other tneihods such ss b> intenupted feeding or when being crushed 00 
the stin the parasites entering either thexound of the bite nr being rubbed into snother 
lesion Ifowever the contammstive method by which the insect passes infective faeces 
on the sfcin the faeces then gaining access to the wound made by the sandfly in biting 
IS considered as less likely to occur because ol the failure to find anv other stage of the 
parasite in the posterior portion and on account of the apecial anterior development of 
the flagellate 

Human Susceptibility — In regard to the failure to transmit to human 
beings infection through the bites of infected sand flies, it is important (0 
review the susceptibility of human beings to infection Maggiore (1925) 
inoculated infants with hone marrow and cultures of Leishmama tnJantHm 
but obtained negative results He also faded to infect babies by the 
inoculation of /.eirfimanta traptca from cases of oriental sore On the 
other hand Adler in Jerusalem, succeeded in infecting $ out of 6 adults 
with this parasite by direct inoculation from human lesions However, 
Adler and Theodor failed to infect an adult human being by the inoculation 
of the entire mid gut of s sand flies P permetosus, which bad become 
heavily infected wuh L tnfctttum after feeding on an infected Chinese 
hamster Adler believes that adults possess tow ards L tnfanlum a relative 
immunity which, how ever is not due to previous infection with this species 

Adler thinks the experiments inconclusive m regard to the failure in 
India to infect volunteers by infected sand flies P ar$eititpes, in that there 
was no information available regarding the invasion by the flagellates of 
the cpipharynx of the flies employed and it is therefore not known whether 
any flagellates entered the skin of the volunteers m these experiments 

Human beings are obv lously at times peculiarly resistant Napier 
(1931) reported that he has on 2 occasions faded to become infected after 
driving a hypodermic needle mto his finger immediately after withdrawing 
it from the spleen of a kala azai patient Ba Cunha and Chagas (> 93 ?) 
failed to infect 2 human beings by the inoculation of 4 cc of a rich culture 
ofZ. cAo^oJi Tinally Adler (1940) has attempted to transmit kala azar 

to 5 human beings suffering from advanced malignant disease They^ 
were all given massive injections of cultures of L donovant and additional 
injections of Letshmanta from the livers and spleens of infected S>rian 
hamsters and were observed for periods of from B-ty months Only one 
of the individuals who was suffering from cylindrical cell carcinoma of 
the stomach became infected after the inoculation of the cultures of 
J dotto-cam The incubationperiodwasless than $ months Thepatient 
was observed during 9 months and during this time showed no signs of 
symptoms of kala azar m spite of the fact that there was a very heavy 
infection There was no marked enlargement of the spleen, no fever and 
no leukopenia 

It may be that animals such as hamsters and even dogs may be more 
su ceptible to infection than man ^ , .1. 

WbiUingham (1932) has pointed out that since it takes 7 days lor tne 
development of Letshmanta in the sand fly since the average - ^ht 

•Swsmvnalh Shout and Anderson report* j human 

infected by biles of experimentally infected fli 
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fly )s only 14-16 days and since if it fed on only the first the fourth or 
fifth and the eighth or ninth day it obviously could only reinfect an 
individual or animal if it had bitten an infected person during the first 
feeds 

Southwell and Kirshner (1938) after reviewing the question of trans 
mission of the disease have concluded that it is not yet proved that infec 
tion results from the moculation of the flagellate forms of Letshmanta 
denovant from the bite of the Infected Fhlebohmus that in the sand fly 
both leptomonas and leishmanioid forms occur in the mid gut and that 
transmission of kala azar may be the result of the deposition on the skin 
of Lttshntania forms when an infected insect is crushed 

Wenyon (1939) however comments that successful infection has been 
produced by the bites of sand flies m India and that fluid on which infected 
sand flies have fed and which contains the flagellate and not the Letshmanta 
forms may be infective 

Other species of PUtbolomus than P argenttpes as mentioned are 
beheved to be concerned m the transmission ofi ionovant in other parts 
of the world Adler and Theodor m Italy and Sicily reported F per 
fftnorus as the most important and in certain Mediterranean areas 
P major In China Young and Herteg and Chung and others reported 
P ekitttnsts In Spam P papatasstt is thought to be the transmitter 
in the Sudan and Ethiopia P langerom and in Brazil and Paraguay 
P lutt P iitUrmtdtus and P longtpalpu have been found to become 
infected when fed on infected dogs 

Other Blood sucking Dipters.— There is no posiuve evidenee that other blood 
luckiQg diptere such 4S lice teduvudbugs ticks mites Stcmosys tebauds mosquitoes 
or Cul coidts ate in any way coocera^ in the Utnsmiision of kala asar Recently 
B 1 DC and Caminopetros ( 9Jo) have cbimed that Mediterranean kala aar may be 
tiansm tted by the tick gut n us The r erpenments however merely 

show that Le hna will surv ve for about i weeks id the tick as they are known to 
do for longer penods in the bed bug Tbcir claim Ibat the tick will transmit the infec 
tioa IS bised merely upon (he 6ict (bat (hey were able to produce infecCiomn a spermo 
phile CihUus t Ulus by the subcutaneous inoculation of an emulsion of infected ticks 
which had previously fed upon an infected dog Loyeos and S utet (1939) have sug 
gested that the dog louse Linoin /hMssrlrsur will bite man and might sometimes trans 
mit the infection to man 

Other Routes of Infection — Other routes of infection in kala azar 
such as by the alimentary tract respiratory system or by direct contact 
have also been investigated particularly on account of the failure to 
obtain more positive results in transmission of the disease through the 
bites of blood sucking diptera 

Young and Heitig and Napier point out that such routes of infection seem generally 
to be ruled out by the sharp geographical I mitatioii of the disease and its failure to 
spread into areas outside the endemic regions or above altitudes of about 600 meters 
m spite of opportunities aford d by commerce pilgrimages and immigration 

The idea of infection by the alimentary canal by contaminated food 
or water has been supported by the fact that in a few instances the para 
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Sites of kala azar have been demonstrated in the urine, and that the} 
are also present m the intestinal lesions and maj even be demonstrable 
in the faeces Napier and Gupta think that the parasite probably only 
occurs m the urine accidentally ivben either blood or other Jeishroania 
infected cellular material occurs there As d> sentery and diarrhoea are 
not uncommon complications, the escape of the parasite by the intestine 
seemed more probable 

Christophers (igo4) and the wnter (190S) found in sections of the lotesUnal ulcers 
intracelluhc Lftskmam^ Perry (igr*) reported the discovery ol Leisimania in lift* 
numbers in the jejunum 10 a cases of fcala atar There had been considerable prolifer 
alion of endothelial cells m the viUj and these cells were filled >«ith pansites 

Aleleney bouever believes from the study of the intestine of hamsters that the 
parasites are not eliminated from the iclicular endothelial system into the intestiite 
However if ulceration occurs it obviously would be possible for the parasites to escape 
into the JunieR of the gut as does occur ift faumaii cases of la/a azar 

Shorn more recently demonstrated ihe parasite to the faeces of human cases The 
subject of oral infection has received considerable attention during the past few >ears 
and there IS some evidence that mfectioft ofammals at least may occur in this manner 

In some etperimenta especially the hamster has been infected by feeding material 
contaimug flagellates from the liver and spleen of Itala azar cases and hamsters feeding 
upon olier hamsters that have died of the r/ifectjon became infected There is how 
ever no direct evidence that man contracts the disease in Ihu nay 

Khaw who particularly studied the<]uestionof oral infection of hamsters suggesli 
that while ingestion as a mode of transmission u negbgible in man it may be important 
in the isamtenance of Lala aur in the reservoir rodent hosts 

Th« possibility of droplet infection has been considered Forkner and 
Zia (1934) have demonstrated typical Utslmoma in material obtained 
bj passing a sivab o% er the nasal mucosa Such smears were made from 
15 patients suffering with kala azar and m 9 of these the Ltxshmanta were 
found Smears from the surface of the tonsil and from the saliva m t 
of the cases show ed the presence of Letshmama The tonsil of this patient 
who died as a result of kala arar and secondatv infection, at autopsy was 
shown to be massively infected xml^xLetshmanm Leishmanxa in the nasal 
discharge of 2 patients was shown by inoculation into susceptible animals 
(hamsters) to be viable and capable of producing infection 

Siorft and Swaminath (rwg) I«vie also reported Zfis/intania dannam in Ihe 
mucus of 6 of 15 patients 10 Indian Lola arar and ifenderson (1939) m 3®® paUenIs 
in the Sudan found Letshmanta always m the spleen in r per cent in the blood and m 
7 5 cent in the nasal mucus 

Pathology 

At autopsy of cases of kala azar m addition to the emaciation there 
IS frequently marked muscular atrophy, together with oedema enlarge 
ment of the spleen and often of the liver In some cases there are ulcer 
ations or necrosis of the mucous membrane of the intestine and sometimes 

haemorrhages and lesions of the skm 

The Spleen — In advanced casts the capsule of the spleen is usually 
thickened and perisplenitis may be present The organ may weigh as 
much as 3 lbs (1360 gm ) In India it is said sometimes to reach 10 lbs 
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in weight la the adult It w usuaUy much congested firm and deep red 
in color unless altered by malarial pipneatation 

The consistency vanes somewhat with the stage ot the disease It is 
generally solt the pulp being increased The malpighian bodies ate often 
not \ isible In the spleens of more chronic cases the consistency is firm 
There is less pulp and in ome instances the organ may ha\e undergone 
mote or less fibrous change Recent haemorrhagic or chronic infarctions 
may be present Microscopically the tymph sinuses may be distended 
a number of the endothelial cells are swollen and contain numbers of 



bejsfcmatiio Very numerous free mononuclear cells endothelul cells ot 
macrophages arc also observed crowded with para ites 

In the fatal cases studied at iwctopw hy the writer the diagnosis of 
the affection was unmistakable from the examination of film preparations 
from the spleen stained with Giemsa s solution In such preparations 
very large numbers of parasites were present often lying free isolated 
ot in clumps or enclosed in large endothelial phagocytes In the prepa 
ration of these film specimens numbers of large swollen cells become 
broken up and the parasites thus liberated Usually in sections of the 
spleen very few extracellular but numerous latriceUular parasites are 
observed (see Fig 59) The infiltration with large numbers of endo 
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thehal phagocytes containing very numerous Leishmanta constitutes a 
striking picture Such phagocytic cells are present both in the reticulum 
and in the blood sinuses Numbers of the endothelial cells m Che vessel 
walls ate also parasitized In places the malpighian bodies are infiltrated 
with such cells The fibrous tissue may be but slightly increased How 
ever in some very advanced cases the fibrosis is distinct The pulp ss 
congested with blood, and in addition to the large macrophages there are 
numerous lymphocytes and plasma cells 

The Liver — The liver is usually, but not invariably, enlarged Evi 
dences of chronic passive congestion or of more advanced fatty degenera 
tion may be present It has usually a smooth surface is firm on pressure 
and on section the consistency may sometimes appear increased due to 
the existence of a moderate intracellular cirrhosis Microscopically the 
liver cells are often atrophied and degenerated There is usually more or 
less fatty degeneration Here as in the spleen, the most striking lesions 
consist of the presence especially m the lymph sinuses of large numbers 
of endothelial phagocytes heavily parasitized with Letshmama Some of 
the pyramidal cells lying along the walls of the venous capillaries (Kupf 
fer 8 cells) as well as the endothelial cells of the other vessels are also in 
places swollen and contain the parasites In advanced cases there is 
sometimes a marked increase of fibrous tissue with destruction of the 
parenchy matous cells, but m which parasitized macrophages are sometimes 
observed While occasional parasites may be found in the early fibro 
cellular cirrhotic tissue m the more dense fibrous tissue they are usually 
not visible 

Shanks and De who recently examined histologically the liver and 
spleen of 26 cases of kala azar found that only yo per cent of the livers 
and only 20 per cent of the spleens showed any increase of fibrous tissue 
or reticulum They believe that fibrosis of the spleen and cirrhosis of 
the liver cannot be considered a regular feature of kala azar itself 

The mesenteric lymph (lands particularly those in cases in which lotestmal ulcers 
are present often are swollen and contain the parasites In some eases the 
are very numerous la the endothelial phagocytes in the glands and the writer found 
them in one case as numerous as m the spleen Napier however says the parasites 
are often scanty in the lymphatic glands 

The kidneys usuaHy show no pathologicat characteristic changes Microscopically 
parasitized macrophages may be seen m the interstitial tissue The glomeruli are 
usually normal but the cells of the secreting tubules sometimes show cloudy swelling 

The Intestmes — Ulceration of the large intestine may occur In other instances 
there may be a more general and superficia] necrosis of the mucous membrane with no 
distinct formation of ulcers Such a aeciosta was observed by the writer in 2 cases 
Christophers has particularly reported deep and sloughing ulcers Napier states that 
he has seldom observed this condilKWi but has seen occasional small superficial ulcers 
in both the large and small intestmes When extensive ulcerations have been present 
he has concluded that they were doe to some complication in addition to the leishmania 
infection Perry found in a cases the subepithehal tissues of the wall of the jejunum 
much swollen owing to the presence of enormous numbers of macrophages packed with 

Mrieney also found m a human case in the jejunum superfiaaJ portions of the 
crowded with parasitized cells There mu also found infiltration of parasitized cells 
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mtheileum caecum, ippeadu and colon asnellaainthejejuiium Meleney believes 
that the absence of the epitheliumia the jejunumm Perry a cases was due to postmortem 
changes or to the fact that the epithelium was nibbed off during the manipulation of 
the tissue In the intestine occasionally the lymph follicles are invaded by parasitized 

macrophages 

The Stomach. — Banergea has repotted finding Leishmama in ulcers of the stomach 
of one case Meleney also found a few heavily parasitized cells in superficial portions 
of the stroma of the mucosa of the stomach in one case 

Bone Marrow — The bone marrow also contains numbers of large endothehal 
phagocytes containing numerous parasites Occasaanal myelocytes and polymorpho 
nuclear leucocytes may be seen containing Letskmanta The marrow is usually red 
and soft and contains less fat as is sometimes observed in malana 

Other Organs — There are no cbaractensiic changes in the other organs Some 
tunes endothehal phagocytes containing leishmonio are found in small numbers in the 
mterstitial tissues of the suprarenals thyroid heart and testes and occasionally in 
the pancreas lungs and prostate 

The Skin — In post kala azar dermal leishmaniasis Napier has also 
found Leishmama in the cutaneous nodules In the study of sections of 
the skin he found the subpaptllary layer oedeinatous and the fibrous and 
elastic tissue atrophied The roelanoblasts were well seen Below this 
oederaatous area was a granulomatous mass consisting largel> of prolifer 
atmg macrophages and fibroblasts In the center of this mass here and 
there were rouUinucleate cells packed with parasites In a case reported 
by Shortt the parasites were more abundant m the superficial part of the 
nodule immediately under the epidermis 

5ummort ing the pathological histological changes observed in kala 
azar it would appear that the parasites after entering the body cause a 
proliferation of the endothelial phagocytes many of which ingest the 
Ltishmanta In numbers of these cells the parasites apparently multiply 
within the cytoplasm of the cells and later when such cells rupture the 
parasites thus set free may be taken up by large mononuclear or poly 
morphonuclear leucocytes and later appear in the peripheral blood 

When splenic puncture is performed some of the endothelial cells 
containing the parasites are nsually ruptured when both extracellular 
and intracellular parasites have been obtained in the preparation 

McI ney (i^zs) has made a careful and extensiTe study of the histological changes 
in hamsters which had been eipenmentaUy mfecled with Leuhmania by Young and 
SmiUie He emphasizes m compaisog the lesioos of hala a at infection in the liver 
with those produced in typhoid infection that m the latter the lesions being stimulated 
by a relati ely toxic orgamsm usually go on to necrosis whereas those of kala azar 
m which the invading orgamsm is rtlahvely non tone are mainly protected in nature 
and never show necrosis of more than individ at ceUs 

In the spleens of the e penmentally inlected hamsters h d senbe island of 
cl smatocytes or endothelial phagocytes forming sol d masses of tissue in which neatly 
all of the clasmatocytes contain XeMimoditf Tb liver spleen lymph nodes and bone 
marrow were the chief sites oi the foimationoitlus tissue The wiitei fiomanexami 
nation of the human pathological m tenal of neenps es h performed in India has not 
found such large i lands of clasmatocyte tissue in the spleen hver and lymph nodes 
The hamster is a very small animal and u th se artificial infect ons n which very large 
numbers of Ltukman a are i jected it is not strange that such pictures result as » re 
encountered by Mdeney It seems Improbable howe er that such jnassive infections 
occur m human beings 
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Sabin and her coworkeis by the use of certain colloidal dyes have concluded that 
the monocytic phagocytes are composed of * distinct types of cell the clasmatocytes 
which arise from specialized endothehum and the monocytes which arise from rebculat 
cells widely distributed in the tissues The large mononuclears of the blood ate regarded 
as monocytes 

IIu and Cash in the study of eipenmental hamsters also found that the large 
phagocytic cells which form the characteristic lesions of kala azar and contain the 
parasites have the staming qualities of Kticulo-endothelmm By marking out the 
cells of the reticulo'endothehal system of infected animals with intravenous and sub 
cutaneous injections of India ink it was found that the distnbution of the parasites 
and of the lesions is practically hnuted to this system In the skin of the infected am 
mals many large cells filled with Letskmama were found These cells took up large 
quantities of India ink when it was injected subcutaneously and on supravital staining 
they were apparently clasmatocytes the phagocytic wandenng cells of the reticulo- 
endothelial system Though the evidence is not entirely conclusive the authors think 
that It is only in the clasmatocytes the Lettkmama multiply and that their presence in 
other cells is more or less acudental They remark in this connection that the reticulo 
endothelial system of Aschoff includes the endothelial system composed of fixed and 
wandering endothelial phagocytes as well as the reticular system composed of mono 
cytes only They believe that an investigation of the cells infected with Ltiskmtnn 
shows that these are only clasmatocytes and not monocytes except in exceptional 
iDstaseea 

Adler (1940) in a 8tud> of a fatal case m which the infection was pro 
duced by an injection of cultures of L dano am emphasizes that s types 
of cell infection were noted i m which the protoplasm was packed with 
parasites as m the case of reticular cells of the spleen and Kupffer cells 
m the liver and 2 m which the cells are relatively slightl> parasitized as 
the adventitial cells of arteries trabeculae of the spleen Glisson s capsules 
and the connective tissue cells m the stroma of the c>lmdrica! celled 
carcinoma 


IlOlONITY 

There is not much definite evidence of the mechanism of the immunity 
m kala azar and no satisfactory method of immunization of man or am 
mals has been discovered The assumption that the reticulo endothelial 
system is an important functional unit intimately connected with the 
process of the immune bodies is particularly based on the fact that the 
reticulo endothelial cells possess a selective capacity for absorbing foreign 
particulate matter introduced into the blood stream It is generally 
thought that complete blocking of this system bj injections of a particular 
substance is still a problem owing to the well balanced ability of the sys 
tem to maintain adequately its functional integrity 

Kurotchkin and Chung (1930) have attempted to investigate the 
immunological response to the ^ministration of bacteria of normal 
hamsters mfected with kala azar and of hamsters treated with colloidal 
substances Their experiments have also had some bearing on the ques 
tion of whether or not the reticulo endothelial cells can be considered as 
a site of antibody production Hamsters infected with kala azar were 
tested for their capacity to produce agglutinins against two species of 
bacteria B typhosus and B proleus and it was found that kala azar 
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hamsters responded to immunization with bacterial antigens m a remark 
ably different way from that ohsertcd in normal hamsters In order to 
determine the possibility of blocLmg the reticulo endothelial cells in ham 
sters by mechanical means different series of these animals were treated 
with trypan blue and electroferrol before being immunized with bacterial 
antigens In this waj it was possible to secure considerable suppression 
of the agglutinin production They believe tlieir CTperiments offer 
substantial evidence that m the case of kala azar the absence of agglutinins 
against bacteria in injected hamsters is due to the blocking of the reticulo- 
endothelial system 

Chung and Reimann (1930) have also made attempts to determine 
antibody formation in kala azar Nine cases of kala azar 2 of chronic 
myelogenous leukaemia and 6 healthy young adults were given 3 doses of 
triple typhoid vaccine at $ day mtervab Agglutination tests were 
performed with the sera before vaccination after the second vaccination 
and then at approximately to day intervals during 2 months or longer 
Though specific agglutinins appeared m all cases they were said to be 
much weaker in titer and disappeared much sooner m the kala azar 
and leukaemva cases Iban in normal controls Chung and Rtimann con 
elude that their results indicate a relationship between the haematopoietic 
system which is profoundly affected m this disease and the formation 
of immune bodies 

The Kala azar Commission in India during 1930 and 1931 have 
earned on experiments to determine whether mice m which the reticulo 
endothehal system was blocked were more susceptible to infection with 
Leishmanta donovam than normal mice They found that i to 2 cc of 
a 2 per cent solution of India ink given intravenously in divided doses 
at 2 day intervals of I CO o5ccando$cc produced successful blockage 
Larger doses killed the mice 

The results of the complement fixation tests in relation to kala azar 
have been so variable that no conclusions can be reached regarding the 
presence of immune bodies in the serum 

While the agglutination test may be of doubtful v alue in differentiating 
different species of the recent work of Row (1931) in which 

killed cultures of Letslimama donmant were employed as antigen suggests 
that the phenomenon of agglutination can be observed with the sera of 
cases of kala azar The reaction however is a group one for it occurs 
also with antigen made from the parasite of oriental sore (Leiskmama 
tropica) 

Wagener found the injection of alkalme extracts of cultures of Leish 
mama into the skm of rabbits previously rendered sensitive by injections 
of cultural forms of Letslimama produces a local reaction in the form of an 
erythematous papule which reaches its height in 48 hours and persists 
from 3 to 6 days The antigen was prepared from both Lctshmama 
tropica and donmani but it was not spe^c for cither parasite Monte 
negro confirmed this observation also finding that the reaction was not 
specific in cases of Ltishmania tropua and Leishmanta bra ihensts Ray 
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prepared various types of antigen from cultures of Letshntama donovatit 
and Letshmama tropica and through their use obtained clear cut positive 
skin reactions which he thought T»ere specific m rabbits immunized by 
vaccines of Letshmama dono <ant and Letshmama tropica respectively 
Buss has also employed a vaccine made with diSerent strains of Leith 
mama dononanx tropica a.r\d bra tltensts In 30 definite cases of American 
leishmaniasis observed in Brazil he found that the intradermal reaction 
was definitely positive In 3 doubtful cases the reaction was positive 
in one and negative m 2 cases In 10 controls the reaction was negative 
in 8 and doubtful in 2 cases For diagnosis, i cc of the vaccine was 
injected subcutaneously In positive cases a papule was formed with a 
thick granulation tissue surrounding the site of injection Later in the 
course of the reaction giant cells and epithelioid cells were found in this 
granulation tissue He thought that pustule formation indicated a high 
degree of sensitization to the Letshmama 

Attempts to treat either kala azar or oriental sore with vaccines have 
not been carried out extensively In kala azar the attempts seem to have 
been unsatisfactory killed cultures were used by Longo m** cases and 
by diCristina and Caroma m 7 cases Jessner and Amster suggested 
the possibility of employ tag vaccines for the purpose of immunizing against 
infections 

Attempts to treat oriental sore by vaccines have given more or less 
indefinite results (Parrot DonatienandLestoquard) Row believed that 
a vaccine of Letshmama tropica was helpful in hastening a cure of oriental 
sore Buss attempted to treat with vaccine a few cases of American 
leishmaniasis but these did not lead to any definite results 

However, there is some information concerning natural immumty or 
resistance to infection with oriental sore Adler inoculated two people from 
a sore but m one individual the lesiou failed to develop 

Thomson (1931) refers to the fact that an active acquired immunity 
has been recognized for many years m Mesopotamia where it has been a 
common practice to inoculate children deliberately on some unexposed 
part of the body to prevent the disfiguring sores from appearing on the 
face 

Immunity has been recorded m dogs after cure but it would seem that 
a previous infection does not always confer complete immunity Accord 
mg to Marzmowsky and Schouienkoff an expenmental sore produces 
immunity only w hen allowed to run its full course Adler found that after 
the natural cure of an experimental sore on his own arm he completely 
failed to infect himself subsequently with the same strain and also with 
another strain biologically different from the first 

In regard to natural immumty in kala azar Napier believes there is 
evidence that such immunity does exist He points out that the introduc 
tion of a large amount of morbid material does not always produce the 
disease in animals and that there is considerable evidence of natural 
immumty in different individuab and points out that children of certain 
ages are much more suscepUble than adults 
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It IS well recognized that the serum of normal human beings possesses 
lytic properties for the flagellates of Ltuhmama Adler found that sus- 
pensions of flagellates of I donnant in saline w ith lo per cent rabbit serum 
became destroyed rapidly when i-io normal human serum was added 
He also found that suspensions of s ooo ooo flagellates per cc in Locke s 
serum agar became reduced to a 2 milbons in less than 10 minutes through 
the action of normal human serum For about a minute the flagellates 
appear natural Shortly afterwards the nuclear membrane bursts and 
the contents of the nudeus is poured into the cytoplasm This lytic 
property of the serum was found to be well marked in two cases which he 
faded to inoculate with Lttshtnanta as well as in one case that became 
heavily infected by an inoculation In this Utter case there w as a marked 
destruction of the parasites in the blood stream at the same time that they 
were multiplying m the viscera In view of the fact that he succeeded in 
infecting only one of the five individuals by direct and massive injections 
of L donnant he concludes that the factors which determine individual 
susceptibility for kala azar ate quite unknown 

htaggiore (1925) also could not succeed m producing kala azar m 
buman beings inoculated subcutaneously with Lttihmonta donnant and 
Lttshmanta Iroptea taken directly from the bone marrow of a case of 
kala azar 

A stud) of the epidemiology of Indian Chinese and Mediterranean 
kala azar does not give entirely definite information regarding age sus 
ceptibihty since in India the infants tend to escape infection while under 
5 years of age whde (com $ to 30 the infection rate is high In Italy 
on the other hand the disease 1$ highest id infants and lower m adults 
Apparently a similar condition exists in northern China Adler has sug 
gested that thi apparent difference in age susceptibility may be best 
explained on the assumption that the conditions of transmission in these 
areas through the agency of sandflies differs Napier and Gupta have 
emphasued that kala azar may exist in man in a mild form with few or no 
clinical symptoms 

Napier and Krishnan believe there is also considerable evidence of 
the existence of acquired immunity as after establishment of the infec 
tion spontaneous cure may occur Napier points out that while formerly 
the disease was recognized as a very fatal one it is not always fatal 
and that some patients recover without any treatment This acquired 
immunity in persons who survive the infection he says is complete and 
IS maintained for a long time After nearly ij years experience in one 
locality during which time he has seen over 10 ooo cases of kala azar 
lacludmg many hundreds of cases of relapses he has encountered only 
2 cases in whidi he considers that there was any reasonable evidence of a 
reinfection having occurred He thinks there is a possibility that immu 
nity in a person who recovers naturally from the infection may not be 
of the same nature as that of the patient who recovers after treatment 
but of the two the naturally acquired immunity is likely to be the more 
permanent He also points out that after generations of subjection 
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to izdectioQ the host population m a specific area will graduafiy tindeifo 
a change as regards their immamtj 

The epidemiological studies of both Indian and Mediterranean kab 
azarbyTtoung Paradiso and Napier all indicate that there is a gradual 
development of immunity established by previous infection How many 
mild cases of kala azar exist in endemic areas is not definitely knoan but 
it IS quite possible that they are much commoner than was previouslv 
suspected and may often be overlooked because the infectjon is mild 


SYMMOUATOtOGV 

locubabon Penod — ^The incubation penod has been stated to be 
usually from 6 weeks to 4 months but it vanes greatly Caseshavebeea 
reported in which the incubation period was under xo days (Manson) or 
only 14 days (Napier and Mmr) There is also an instance reported by 
Napier la which the disease did not develop for 18 months Mssson 
Bahr points out m a proportion of instances as m some artificially infected 
dogs thediscase IikedermaUeishmamasis may remain latent forroontbs 
Onstt — There is nothing characteristic about the onset which may be 
either gradual or sudden Both Napier and Manson Bahr emphasize the 
difliculty m diagnosing the infection during the first month When the 
onset 13 sudden there is usually high fever which may be preceded by* 
ehiU and in some cases by \ omiuog The initial /ever 15 freqaeotly severe 
and may last from 2 to 6 weeks being followed by a period of apyrexia 
succeeded again by fever and a gradual enlargement of the spleen and 
liver 


Napier deaenbea x ctafariaJ iype of onset ntuch he eays ii the coniiaooest « z® 
eadeoue area Tins form of onset xesenibles an atuck of tertian or quartan malana 
the lever n«ng suddenly to joa or 103 F accompanied by tisvr but not usuiliy 
followed by aweatjns and dropping on the followup day or the same day to norowl, 
then possibly nsjBg on the third or fourth day and after that becoming somewhat 
irregular Since omwne sojoelimrs has a leinporary effect oa the temperature th» 
type of tala azar fever is seldom diagnosed on ctirucal grounds alone until Utet when 
the quinine resistant nature of tbe fever becomes dehmtely evtabtished 

In about so per cent of the cases in Calcutta the disease is said to have had an onset 
resembling typhoid fever Ibe patient becomes ih with a gradually eiimbmg fever 

which reaches J03 104 F orhigherafteraweek A high continuous or high remittent 

fever continues for 10 daysor *0 xad then frequently riowly falls to the oeighhorfwoo 01 
99 oc 100 F 

There are seldom any abdojwaaJsywpJMns butiberemaybesiightdiarTboea The 
spleen is sometimes just palpable and there may be a suggestion of tenderness hut 11 
the patient has had previous mxtanal attadts the spleen is Lkely to be considerably 
enlarged The pulse is ustfaUy above kw and the tongue fairly clean The presence 
of a double remittent temperature may appear and wthe absence o£ definite abdominal 
symptoms arouse the auspioon of kala-aar rather than of typhoid fever Also after 
a penod of almost fiorinal temperature the temperature may again nse and it is 
times Bot uDiil the second relapse vnlh a gradual enlargement of the spleen that the 
disease cbmcaliy suggests particularfy kala azar 

la a third type the onset 1$ gradual or insidious and is sometiinea so uJ oelinea ttwi 
even after cartful inquiry may bempomble todate the real beginning of the disease 
The patient may have had e feelmg of being iB for some months without however 
any definite symptoms which would cause him to »etk medical advice In some cases 
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in wbch there are no stnkiDo evidences of tbe infection the physical examination may 
reveal an enlarged spleen and spleen punctu e show the nature of the infection 
Napier states that the rapid type of onset is mote frequently observed under epid mic 
conditions when the disease is established on virgin soil 

Fever — The temperature shows great irregularity Throughout the 
course of the untreated disease the temperature when recorded on the 
chart very frequently assumes the form of long uregular waves of fever 
The febrile accessions often last from 2 to 6 weeks followed bj periods of 
apyretia and apparent improvement Then follow further periods of 
fever However during the periods of apparent apyre^ia a mghtly rise 
of temperature may escape attention unless the temperature is taken late 
at night 

Rogers and Napier have called attention to the tendency of the tern 
perature to show variations twice or occasionally 3 times in 24 hours To 
the former type of fe\ er the term double remittent or double intermittent 
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has been applied In this type the temperature subsides towards early 
morning and remains low until about midday It then rises m the after 
noon and subsides again toward evening At about 8 or 9 0 clock at night 
It again rises or the second rise mav be delayed until midnight when the 
temperature again subsides towards morning In order to demonstrate 
this double rise it may be necessary to take the temperature every three 
hours day and night When this type of fever is present it serves to 
distinguish the disease from typhoid and is practically pathognomonic of 
kala azar Napiei however states that while it is possibly a sign which 
IS always present at some time or other during the course of the disease 
in the majority of cases it n. often not observed In the Carmichael 
Hospital for Tropical Diseases where a 4 hourly temperature chart was 
kept a definite double diurnal rise of temperature was observed id less 
than 20 per cent of the kala aiar cases during their stay in the hospital 
Rogers found that the double remittent type occurred m about one fourth 
of all cases and m about one half of the early cases 

Sometimes a third diurnal rise of temperature may be recorded and 
this though said to be equally diagnostic of kala azar is not as frequently 
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seen as the double rise A small percentage of the cases may show fever 
of a high continued tjpe Napier emphasizes that the patient with a 
temperature of 102 F m kala azar may be doing his work in the ordinary 
way and be quite unaware that he has fever Indeed, while the fever is 
high and persistent the general symptoms are often slight and there is 
usually no mental dullness or delirium Daily 
rigors are sometimes common early m the 
disease and sometimes 2 rigors may occur in 24 
hours In other cases they are absent 

General Appearance — There is usually a 
progressne loss in weight and when the 
disease has reached a comparatively advanced 
stage there is generally great emaciation 
The general wasting the thm arms and face 
and prominent ribs are usually in marked 
contrast to the abdomen prominent because 
of the enlargement of the spleen and liver 
^ In advanced cases there is often much oedema 
« of the legs The subcutaneous and muscular 
I wasting IS also striking The abdominal veins 
P are often distended The skin frequently 
^ assumes a dusky hue The conjunctivae reveal 
I little anaemia ercept m advanced cases 
S Sometimes marked visible pulsation of the 
^ carotids in the neck and rapid pulsation of the 
a heart may be observed through the thin chest 

1 wall 

2 Napier gives as important clinical diagnostic 
points the marked emaciation the scanty hair 
dark skin pulsating carotids of the neck rapid 
pulse enlargement of the liver peculiar soft 
doughy feeling of the enlarged spleen and the 
double remittent and quinine resistant nature 
of the fever However he points out that there 
IS absolutely no sign nor symptom of the 
disease which may not be absent upon occasion 

Spleen — In the epidemic forms the spleen 
IS almost always enlarged often reaching sev eral 
inches below the costal margin Sometimes 
It extends to the umbilicus or more rarely 
even to the anterior superior spine The 
enlargement of the spleen is progressive and usually in less than a 
month It reaches below the costal margin In one case of experi 
mental infection (however suffenng with carcinoma) the spleen did not 
become markedly enlarged (Adler 1940) 

Napier refers to the fact that the actual swe of the spleen is not a very 
useful diagnostic point and that the teaching which was common m the 
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medical schools in India to the effect that a spleen above the umbilicus is 
probably malarial and a spleen below that level is kala azar will cer 
tainl> not hold today since the disease is recognized in India in a much 
earlier stage than it used to be The diminution in the size of the spleen 
IS a useful indication of the progress of the patient under treatment Dur 
ing intermissions of the fever or attacks 
of diarrhoea it also sometimes becomes 
smaller 

Usually the spleen is hard to the 
touch though in earlier cases of high 
fever it is often softer Napiei believes 
that the peculiar soft dough> feeling of 
a kala azar spleen may be an extremel> 
useful diagnostic point However he 
also states that the more chronic the 
disease the harder the spleen as a 
general rule In children at least 
tenderness of the spleen is common 
particularlj m the Mediterranean areas 
In India Napier states tenderness is 
uncommon and is not complained of m 
more than about 5 per cent of the cases 
He refers to the fact that pain in the 
spleen may come on sudde^y and last 
for a few days being at hrst general but 
soon becoming localized m one spot 
This pain he believes may be caused 
by blocking of one of the splenic arteri 
oles through the invasion of the 
endothelial cells with Letshmania and 
the formation of an infarct In the 
advanced stages of the disease ascites 
sometimes occurs and when this condi 
tion IS present it is sometimes difficult to 
palpate and aspirate the spleen which 
slips away from the needle more 
easily 

Liver — The liver is usually enlarged after the end of the first month 
After 6 months the enlargement is distmct in most cases Napier found 
in 300 cases in Calcutta that the liver was palpable in 8S per cent measur 
ably enlarged in 64 per cent and enlarged more than 3 inches in 20 per 
cent of the cases He believes that an enlarged thinned out soft liver 
overlapping a large soft spleen is a condition which is very characteristic 
of the disease While a certain degree of tenderness is sometimes present 
the tenderness is usually insufficient to suggest liver abscess In Calcutta 
in a senes of 140 patients not suffering from kala azar and for the most 
part cases of chronic malaria 86 per cent had palpable liv ers 
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Digestive System and AUmentaiy Tract — Stomatitis is not uncommon 
during the course of the disease Cancrura oris has been emphasized both 
b> Rogers and Napier as being a \ery common complication Cleanli 
ness of the tongue is said to be one of the striking features of kala azar 
in India, and the appetite is usually good even during the periods of fever 
However, the patients do not generally consume a large amount of food 
The digestion is sometimes poor and nausea and vomiting occasionally 
occur 

The Indian Kala Azar Commission have found that a large percentage 
of cases both of kala azar and of malaria show v arying degrees of decreased 
acidity in the gastric secretion up to complete achlorhydria 

Diarrhoea often appears after the disease has lasted for some time 
and in the advanced cases dysentery apparently due to severe infection 
of the intestine by Ltishmama has been observed Rogers reported in 
some of the epidemics dysentery of severe form occurred in 70 per cent 
of the cases Occasionally the dysentery has been due to secondary infec 
tion either with Bacxlhis dysenleruie or Endamoeha histolytica Napier 
states that the specific nature of the dysentery in kala azar has never been 
proved however a few cases of kala azar have been observed m which 
dysentery was present during life, and m which the lesions found were not 
produced by either Bacillus dystnimat or Endamoeba hisiolytua Tie 
work of Christophers and Stratham has demonstrated the specific nature 
of intestinal lesions due to Lttshmanta 

Skm — Certain changes perhapis of a trophic nature, occur in the skin 
The characteristic blackening of the skm from which the disease derives 
Its name has been suggested as being due to a certain extent to increased 
activity of the melanoblasts and also to an intensification of a natural 
pigmentation due to dryness of the skin It is most marked over the 
forehead and temples and occasionally around the mouth, the blackening 
being intensified by contrast with the anaemic pallor of the rest of the 
face Napier has not observ ed this pseudopigmentation in pure blooded 
Europeans but states it is very marked in dark skinned Anglo Indians 
Manson Bahr says that the dusky pigmentation of the skin is best seen 
on the feet hands and abdomen m Europeans but is difficult to distinguish 
m dark skinned natives A temporary jaundice is not uncommon 
During the course of the disease the skm is apt to become dry rough, and 
harsh and the hair is apt to fall out Septic infection and a tendency to 
bed sores are very common Purpuric haemorrhages which usually indi 
cate an unfavorable prognosis are often seen in the skin and are most 
common on the legs though they not infrequently occur on the trunk 
The appearance of purpuric spots may coincide with sudden diminution 
m the size of the spleen and with other symptoms which suggest the 
possibility of protein poisoning due to rapid plasmoly sis especially in cases 
under treatment with antimony compounds The Ltishmama are some 
times found m the skin particularly in dermal leishmaniasis which is 
discussed further on p 270 
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Gemto unnaiy System — In advanced cases oedema of the legs which 
sometimes occurs together with puffiness of the face and occasionally 
ascites as well as diminished output of unne may suggest renal msuffi 
ciency However albuminuria and nephritis ate rarely associated with 
the disease and verv few cases of acute nephritis have been reported in 
connection with it though Knowles reported one case in 1920 During 
the period of fever in kala azar Napier found that about 30 per cent of 
the cases showed a trace of albumin m the unne that there was usually 
not more than a trace and there were seldom casts present Urobilm is 
present in d large percentage of the cases Knowles considers that the 
presence of urobilm associated with a trace of albumin in the urine con 
stitutes a useful diagnostic point The chlondes are usually present in 
normal quantities Pilcu] Ziemann and Waegner and Strothers have 
reported cases with renal symptoms haemoglobmuna albumin and casts 
appearing m one case after intravenous injection of antimosan and in 
the other after stibenyl 

Araenorrhoea is often an early symptom and is almost invariable in 
well established cases Napier reports that he has observed a number 
of cases in which conception occuiied early in the disease and m which 
an uncomplicated pregnancy was continued to lull term and resulted in 
the birth of a comparatively healthy child 

Nervous System — Headache may be present but is seldom severe 
Even when the fever IS high the general symptoms are usually slight and 
there is usually no mental dulness or delirium Herpes zoster sometimes 
occurs particularly when the patient is undergoing treatment with anti 
mony The condition usually clears upon the discontinuation of the 
antimony Retinal haemorrhages have sometime occurred as a 
complication 

Respiratory System — ^The lungs arc normal m the great majority of 
cases but catarrhal bronchitis may be present in the advanced stages 
and a terminal pneumonia may develop In the early stages and also 
throughout the course of the disease an irritating cough may be present 
without any marked physical signs in the lungs to account for it Some 
times this is the most di ttessing symptom of the disease seriously inter 
fenng with the patient s rest at night It has been suggested that ii is 
probably due to irritation of the vagus from pressure caused by the 
enlarged spleen 

Circulatory System — Haemic raunnurs of the heart are frequently 
present and dilatation is not uncommon In advanced anaemic cases 
systolic murmurs are often present Marked pulsation of the carotid 
vessels of the neck, is frequently visible The pulse is commonly over 
100 and not infrequently 130 even in the early stages of the disease 
The blood pressure is generally low the systolic reading being below 100 
Oedema of thelegsiscomparatively common Napier found this condition 
present at the time of the evarnmation m 16 per cent of 300 hospital cases 
in Calcutta and a very much hi^er percentage gave a history of hav mg 
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had swelling of the feet at one tune or another Haemorrhages maj occur 
from anj part of the bodj Epistaxis and bleeding from the gums com 
monlj take place ^^hlle haemorrhages from the nose, meninges andmtes 
tines are sometimes fatal Purpuric spots and patches are not uncommon 
particularly m cases m which the prognosis is grave 

Blood — Anaemia is a marked feature only m the later stages of the 
disease though there is alwajssomedegteeof anaemia after thefirst month 
and this is progressu e m character However the count of red cells 
rarely falls below a 500 000 in less than 6 months from the beginning of 
the fever Napier has found that nucleated red cells are often present 
as well as cells containing nuclear fragments Polj chromatic staining 
of the red cells may also occur In contradistinction to the condition of 
the blood in malaria the haemoglobin falls in proportion to the red blood 
cells The anaemia is of the pernicious type and not of the chlorotic type 
seen in anky lostomiasis 

One of the most remarkable changes in the blood is the marked reduc 
tioti in the number and proportions of leucocytes There are rarely over 
3 000 leucocytes found In one half of the cases which have persisted 
for t month there are often less than a 000 leucocytes Napier points 
out that a leucocytosis does not necessarily exclude the possibility of the 
case being kala azar as m the presence of any septic complication the 
white blood count may be markedly increased and e\ en in the absence 
of any obvious complication it is occasionally above 10000 per cubic 
millimeter 

Another important change in the blood is the reduction of white 
corpuscles in relatn e number to the red ones The normal rate of i 75® 
or I 666 red cells Is rarely observed In kala azar the rate is often i 1000 
or I I $00 fed cells Rogers repotted in his uncomplicated cases m 90 
per cent the rate was less than t 1,500 This is an important feature m 
diagnosis and the condition is usually different from that obsened m 
malarial infection There is also m kala azar a reduction of the poly 
morphonuclear leucocytes and an increased number of large mono 
nuclears and lymphocytes which may differentiate the disease from 
typhoid though not from malana 

When the Letskmanta are found in the peripheral blood they occur m 
the leucocytes and it was formerly suggested that perhaps the decrease 
in the polymorphonuclear cells was due to a destruction of them by the 
parasites In children the polymorphonuclear cells may not amount to 
over 5 per cent of the total leucocytes In adults they usually do not 
amount to over 30 per cent if the case is uncomplicated With the low 
leucocyte counts the prognosis is unfav arable and terminal infections are 
frequent The lymphocytes are increased with the large mononuclears 
in proportion to the reduction of the polymorphonuclear leucocytes while 
the eosinophils are decreased Agranulo<^tosis has been reported as a 
complication in a few cases It is exceedingly rare m India (Das Gupta 
1043 Napier 194^) . , 

Wassennann Reactoa.-— The Wassermuin ttacUon has been eianuned in kala aaar 
oaiticulariy by Sutherland and Mrtra In 3* Cases »o gave a posiUve and J8 a nega 
Uve Wassermann reaction but in only a was the reaction more than^ p^tive 
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Mu sod Muie erammed 4t sera from 37 case* of kaU-azat in ^otth Ciuna by tb» 
KabntulisparaQtl witb Colciti a Wassenaasn reaCtioB Tbe cases varied Ut duration 
from t BJOBth to^yeaw Of lie 32 cases 01^3 gave a positive Kahn lest aBdintiese 
the tVassennsnB test gave a siaiiar mult Is a ol the s eases there was evidence of 
syphilis while ut Che t^rd the test was negative when repeated It thus appeared that 
the specificity of the Eabn test was not affected by the high globuIiB content of the 
serum which >s chsractenstic ol kala azat Itigh fever when it occurred likewise did 
not ^ter the rtaclion. 

tloyd Napier and Milta (<0jo) eaanuntd the blood of cases of ksla aaai in 
which the diagnosis was definitely established by demonstration of the L^sAimtttta 
They concluded that kaU azar does not give use to a positive ^ assetmanci reaction 

Biochemical and Other Changes — hfarLed biocbetmcal changes occur 
in the blood Rogers and Shorteo first reported that the alkalinity of the 
blood rsas decreased More recent work performed by Napier shows that 
the hjdrogen ion concentration of the blood tn 3 patient who is not tn 
exlriMts IS practically unaltered He found that while the hjdrogen ton 
concentration of the bUod is about normal its stability was decreased 
The eoagulabihtj of the blood u frequently reduced and the blood often 
takes longer than s minutes to coagulate in \S right s tubes as was pointed 
out by Rogers and Napier Knowles found that the coagulation time 
might vary from to sK minutes with a mean at g 28+0 292 minutes 

The practical imp rtaoce of (hue obKrvaiions demosilnting delayed coagiiiattOB 
of the blooi] bu tvea suggested at a contraiadication to spleoic puncture on account 
of the danger from haecnorrhaga Napier states tbal in actual practice he baa cot found 
tbii to be an nsportant factor Ife also fouad that the calnum cosCent of the blood 
was reduced IS every case of kala azar iW was tested at the Calcutta School of Tropica! 
Medieme The nomaS conteot for as Indus appears to be from 10 t to le 4 mg per 
lOoceofieniiB In more than half the kdaaaar cates tested the coaltst was reduced 
below 9 mg and w a few instsoeea it was as lew as 8 mg 

Napier also found (hat a reducuoa in tb« blood sugar was a constant finding m ihis 
disease The normal blood sugar for an Indian is or per cent Inkala azaritualwaye 
below this figure and occasioually it n as low as 005 per cent He also tested ^e 
!e ulose tolennce la a number of cases and found it to be reduced la most cases a 
rapid improvemect la the tolerance was observed wben tbe patient was given antimony 
injections GncgaadKandubavesIso found that ibe blood sugar to kala azar u usually 
low 

Sia found that the globuUn coateot of the bhnd a increased in kala azar and Ray 
has shown Chat there is a very matked increase in the euglobulta elemeoc Lloyd and 
FaidpgiQioutlbalcbecugVs^bneoaUntof ROtsnatSierumH onCbenvcrsgt Oibgra 
per too cc or s percent (approsmately) of the iotai globuUn The ouglobuhn in the 
serum in wrll-estabbshed cases of kaUazar has been found to average from r j to 
z S gm per 00 cc or from 40 to 50 per cent of the total globulin These Ganges in 
euglobuhn and pseudoglobubn with charaetenstic curves occurred in every case of 
kala azar under treatment that had been studied and appear to indicate some deep 
seated change lo the otgsnisro Uoyd and Paul believe that a special euglobuhn 
appears to be present in kala azar Ibis substaace or substances precipitated with it 
are the fundamental cause of the {onncdeiifcogei rcacUon la kala azar 

'fore recently Ling has fouad that theea^buhn lu kala-aat ts increased 3 to 13 
tiroes the nojwaal and s 39 to 63 pel cent of tbe total seroia globulin Tbereisalwa 
eoBSiderahle incrtas of total serum gfobuha ia kala azar and ao absolute decrease of 
seruua albumin so that the globulin albumin tabo which la noftnally 049 is much 
iBCreased sometimes to over 4 

The (jnesUon of the occurrence of ugglidi mriB the blood serum of kala-azar patients 
b a bees made the subject of much study Tbeantigen us d for the tests baa generally 
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consisted of living cultures of daii^ani though in » few msuaces a siSmt 

Mtract of kak-ajar splenic peijp has been tnqiioyed Several observers have reported 
positive agglutination in a few maiasns ]Ti>wevtr the majority have obtained oniy 
negative or inconstant results 

More recently Row ( 193 1) has empbasmi the important fact that the use of shs 
pensions of bving flagellates m cuHoxeu not satisfactory because shhoosh a young 
surface growth of LtuI mania made up in saline solution with a certain amount of 
agitation is found to consist of mdividuiti and discrete flagellates which actively move 
about in a hanging drop ptepsration these flagellates soon become immotaiired la 
tnasses at room temperature and tend to agglutinate m a few minutes whea nujed 
with neutral control sera even in t 30 dilutions with normal saline solution Row 
thinks this defect can be obviated by kitting the cultures of flagellates at SS S C for 
i bout or by exposing them to cbtotoform vapor ^^lth such an antigen he believes 
be has demonit/ated the presence 0/ agglutinins in cases which n ere diagnosed is lala 
azar both clinically and by the serum gtobuhn aldehyde test No report was made of 
tfijf mflMio being dezoonstratedia these cases He does not claim that thuagflutins 
tion test will replace for practical puiposea chntcal diagnostic tests such as the aldehyde 
or serum globulin reactions or urea etibanune reaction He also found that the 
agglutination test » of no value ut atnving at a diSerenttal diagoosis of the several 
varieties of i^irbmsniii 

The evidence of the presence of iinmBite bodiet in kala azar serum by use of the 
eamplement fiitation lest has been loconclusn-e oa account of the vanable results 
obtained In these expenments performedbymanyiovcstigators ettractiolkaU-am 
spleen have usually been employed as antigen Anderson and Disdier (193S) who 
exaicuoed again the compleaieBt furition test la the diageasts of g cam ol tak atar 
found that It was not sulliciently specific to be of value 

Chung and Reimaoo (1930) have found that the ehoical irepKsston of diminished 
reeistaace to secondary baclenal invasion dunag la!a azar >s corroborated by tb^ 
eapenmeatai laboratory evidence of a depressioa of the imoiune response to jn;ecleo 
bactenal tsugess They found for eeample a marked depression of the immune 
response to typhoid vaceisatiocs in pabenls with kab aaar After recovery from kab 
azar however agglutiouis were again formed aormaUy 

Yang asd Ch eo f 1930) have studied the blood fialeUts in kab am partieulatly 
on account of thehaemorrhape tendency of the disease Direct counts of theplalelert 
were made by a modification of Thomson a technic It was found that kab-ozar u 
sssocratedwitha throoibocytopcajain wh/ch the ptorelets varied fre« 5000010 100^ 
pet cubic rtulhnieter Bleeding from the mucous membranes usually occurred when 

thelower level was reached latmurrentinfectionsinigbt bring about either a throm 

bocytosis or a further depression of the number of pbteletJ The patients with a 

marked throaibocytopenia usually had a sevete anaemia and a very lowleucocyle count 

The bleeding time was prolonged and episUvis end purpune rash were frequently 
observed in such cases Treatment with urea subamint caused a further decrease « 

the number of pbielets and this was maintained as long as treatment lasted During 

recovery the platelets increased tn number . 

In a study of yso cases Keefer Shaw and hang showed that all elements of im 
blood are reduced in kala-azar However the leucocytes and platelets ate decreased 
before the baetnoglobin and ted blood coipuKles 

The Indian Kala azar CaBimissien reported in 1931 upon the eEect of stiifuioneoas 
injiotiOB ej adrenalin (i cc of i r 000 sotiUion} on tbs blood picture id fcala azar Four 
untreated cases and 4 under treatment with uraa stibimme were used jWI the treated 
cases responded to the mjectioa by a great inertase in the number of leucocytes espe 
aaBy the polyraorphonuclears and mononuclears (50 to too per cent) lo the untreated 
cases the leucocytic response vaned inoaethc jneraase wasas marked as in the tresteo 
cases u> one it was poor and in s there no increase at all 

Tobias <194’) 1>4S reported upon two severe cases of agranulocytosis SP'** " 
trtatment with penlide blood transfusMO and adrenalin in both cases death followed 

a sudden collapse ... 

Den^ I^ishmanoici — A cutaneous form of leishmaniasis in wnicn 
the parasites occur in nodides of the skm has already been referred to in 



THE LEISHUANIASES 


271 


this article under the discus ion oi the tpidenuologj of the disease This 
lesion was apparentl> first reported by Thomson and Balfour m the 
Sudan in 1909 Brahmachan hrsl called attention to it in India in 1922 
In 1927 Acton and Napier reported upon 44 cases of this same condition 
under the term post kala azat demtal I isfamamasis while in 1930 
h,apier and Gupta have recorded the study of 150 additional cases hlore 
than half the patients who exhibited the eruption had suffered from kala 
azar a year or so previously and had received antimony treatment ior it 

The road bon hts been found tooccurinallcbsseaof the commuuty audio person, 
of all ages and of both eeses Not ah of the pauenU gave a tuslory of havuig suffered 
from hala azor and sorne denied having bad any lUsess vilucli might have been this 
diiea e Nevertheless Kapier and Gupta conclude that the condiUon u usually a 
sequela of generalised Lnshfuinia mfecuon The dermal lesions usually make their 
appearance from t to a years after all signs of the visceral infection have disappeared 
In no cases have tl e dermal lesions developed dun g the { nmary visceral attack hut 
■n 3 instances there was a lelap^ of the vivceral disease at the time when the dermal 
l«wns were present. 

The skm eruption appeari as depigmented areas varying m size from 
pm point to \arger patches usually not over > cm in diameter but some 
times coalescing and foemmg patches occupying the whole of one aspect of 
a limb At first the lesion are macular in type but later become very 
slightly raised An erythema or a butterfly rash also may occur which 
vanes m intensity m different individuals The distribution of this rash 
IS \ ery constant namely on the cheeks the skin surfact s of the upper and 
lowerbps and the outer surfaces of the alae nasi Occusionahy u extends 
to the tip and to the sides o! the nose and the chin Panja (1938) has 
observed nodular lesions on the tongue in which Z,eirliniaiiia were found 
and note that this appears to be the first report of such lesions occurring 
in dermal leishmaniasis following kala azar 

The lesions on the face but rarely on the body may pass on to th^ 
nodular stage which is g nerally reached about a year later 

rbr nodules are soft giSGulomatous growths yellowish pink in color varying in 
size but usually about tbe size ol s split pe They lOsy }om and form plaques Tbe 
sk n over the lodulcs is thin and glossy and shows DO special susceptibiUty to break 
down and heals rapidly after a porttonof it has been Kmoved for diagnostic purposes 
The nodules ate pa nless but there is no anaesthesia Rarely they may ap{ ear on all 
parts of the body as well as on tbe face \thile these are the m st common types of 
lesion verrucose p pillomatous or xanthoma hke types of eruption are desenbA] In 
other cases there is a hypertrophy of tbe skin of ttm bps ey I ds and alae nasi 

la the verrucose tvpe warty g owths oceni at the roots of the nails and on the 
hogert and toes there is cons deiable Uucketung of tbe di tal ph lasges of tbe digits 
fn the pap llomatous type inst ad of tbe oid nary n dular growth there is hypertrophy 
of the individual pap Uae of the skin «uh the ptoducuon of a lou h dry wr a consist 
mg of minute papillomatous growths These ate usually seen on the n seorchn 

In the hype trophjc type the Ups eye hd or be nasi become hypertrophied as 
if there w re lymphatic obstnieiions of the parts soovetuncs forming soli Upoma like 
swellings 

Th xanthoma stag would appear to be the final outcome of th condition but it 
IS rarely seen and then generally in cas s giving a history of lo to 30 years duration 
The lesions resemf le those of xanthoma toberosnm moltipiei there being raised orange 
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coJoTtiJ plat^ms oa difftrent patUot tbebody most BoUctibly at the bead of the elbow 
on the aiifJary folds on the inner side of the thjAh at the outer tantius of the eye t® 
the chin and at the angles of the mouth 

Napier and Gupta saj that Jt is not eas> to find the parasite in the 
deep pigmented lesions bj direct microscopical examination but by 
snipping out a piece of skin dropping tt into a culture lube of NNN 
medium the parasite can easily demonstrated b> cultivation On 
the other hand direct examination of a smear from the nodular lesions 
usually reveals the Leukmanta Lexskmania uere demonstrated in Si 
cases of the scries but in 69 cases only a clinical diagnosis was made 

While this condition appears to be prevalent in India in the region of 
Calcutta apparently very few cases have been reported from Assam snd 
Madras 


CouPtICATIONS AND SEQUELAE 

Apparently owing to the changes in the blood in taU. aaat tesuUmg 
in a lowering of the general resistance secondary bacterial invasion of 
the tissues is not uncommon Kogers has emphasized that these 
secondary bacterial infections product fatal ternmations m the great 
majortty of cases owing to defective phagocytic powers of the blood 
depending upon the extraordinary leukopenia with great disproportionate 
reduction in the active polymorphonuclear leucocytes Thus cancrom 
oris sometimes complicates the disease and its frequency has been empha 
sued by both Rogers and Napier Perforation may occur and the nose 
may also become affected These cases are frequently fatal \Vhen there 
IS no leucocytosis the prognosis is particularly grave Among the caret 
complications may be observed noma of the cervix uteri reported by 
Rogers Rogers placed the incidence of cancrum ons at 17 per cent 
However Napier points out that it is not now as frequently seen m 
India as it was before a satisfactory form of treatment was discovered 
In Napier s Calcutta senes of 300 cases less than 2 per cent were affected 


Mastoui absMji otitumcUiA stougbiDgottheccrotum «od ulceHttoatccompanici^ 
by herpes soster have also been observed These oimplicAtioPs «re conttnon in chiliJiM 
m whom the polymorphonuclear leucocytes are often lower than tn adults 

Lobar pneumonia is the next oioat fatal cqaiplicadon Bronchial pneumonia also 
not infrequently occurs 

Oedema of the fiiotUs is a comparatively rare comphcatioB Three cases have been 
reported by Napier which proved rapidly fatal Ife points out that these case* w«K 
olherwise progitsssmg very satufactonty 

Dysentery of » specific natute and due to severe jnfection of the intestine wiln 
Leuhmanta is sometirneg observed OccaSKWiaUy the dysentery is due to secoodary 
infection with strains of Bactilui dyreicfr («e or to Endamoeba bislalitua Rogei* 
repoiltd tbit m some epideanc* dysentery of severe form occurred m 7a percent of the 
cases Napier states that dysentery make* rts^pearance at some stage of the disease 
with such uofaihne regularity that it has frequently been suggested that il is an essenii** 
part of the disease Ifowtver be Mteves that a secondary causative organura can 
usually be found to account for the dysentery ntteck* 

lUetaorthaies froa the nose mewusses nnd latestiae are frequent and sometimes 
fatal Ifaetnonhase into the pecitoneat cavity hzi been reported by Chatterjee in * 
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case compi cated by ascites Purpunc haemoidiages are seen m the skin and are most 
common on the legs but are not infrequently observed on the trunk kVhen these 
haemorrhages occur the prognosis is usually very unfavorable 

Ophthalmic changes have been described m several cases by Trantas and Ling 
Oedema of thefeetisreportedby Napier as a very common comphcat on and general 
anasarca is occasionally present However the presence of albumin in the unne 13 not 
associated with these conditions nor are there usually any signs of heart failure He 
has found that ankylostomiasis will account for a lar e percentage of them In parts 
of China hates has pointed out that kala aaat is almost universally aggravated by 
ankylostomiasis 

A few cases of acute nephritis have been described but they were probably of an 
accidental association Napier has had no e pencnce with nephritis as a comphcation 
A defimte progressive ascites is seen occasnnally in advanced cases probably due to 
changes m the hver 

Chronic splenomegaly and hypertrophic cirrhosis of the liver may occur as sequelae 
of the disease though Shanks (ipji) thmks cirrhosis of the hver is unusual Napier 
has observed that a large percentage of patients who have undergone treatment with 
antimony preparations have a typical attack ol catarrhal jaund ce within three months 
of the conclusion of the course of injectnns 

Post kali azar dermal leishmaniasis has already been discussed Although the 
majority of the patients with this complication give a history of having had an attack 
of kala a ar there are a few instances in which the patient gives no history of having 
had the disease and has not received treatment f t it at any time 

bkalana and Malta fever have each been lepotted as complieatmg kala azar In 
India particularly the association of kala azar with malaria is common and important 
Ayer Vasile and Constantino have each reported cases of combined infantile kala azar 
and malarial infection Timpano has reported 1 case of kala azar in a child complicated 
by the development of acute anterior pol omyelit s 

Diagnosis 

CUmcal Difidrentiatioa —Special clinical featuies oi the disease of 
assistance in diagnosis have already been mentioned An analysis of 
60 cases of kala azar showed that m order of frequency the following were 
the mast usual signs for diagnosis enlargement of the spleen lever loss of 
strength bleeding from the nose bleeding from the gums emaciation 
anoretia cough diarrhoea or dysentery sweats chills abdominal discom 
fort amenorrhoea pigment spots cancniin oris and gastric disturbances 
In a study of 300 cases of kala azar Napier found that 12 s per cent began 
with a double daily use of temperature and S8 per cent of cases with a 
double daily rise of temperature proved to be kala azar Cases with a 
history of illness of over 18 months were mostly kala azar and a family 
history was met with twice as often m kala azar as in other cases with an 
enlarged spleen Emaciation was three times as common in kala azar 
especially in the early stages when there was a good appetite Extreme 
anaemia was less frequent in kala azar than mother spleen cases dilatation 
of the abdominal veins was twice as common m kala azar Soft enlarge 
ment of the spleen extending 3 to 6 inches below the ribs was more fre 
quent in kala azar while hard spleens extending to 8 inches or more were 
more common in other diseases He concludes that probably 80 per cent 
of the non kala azar cases with enlarged spleen were cases of recurrent 
malaria or malarial cachexia Cbnically the correct diagnosis of kala azar 
was made m 88 24 per cent before spleen puncture was performed This 
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IS said to be a point of practical impoitance in India where laboratory 
facilities are «o rarely available for diagnosis 

Rogers, in commenting upon these clinical observations states that 
they agree very closely with his owo based on several jears norl id 
India Strutters m a clinical study of the disease m China sa>s that in 
Shantung nearly everyone with an enlarged spleen considers it to be the 
result of kala azar and comes for treatment Among such patients he 
has found cases of myeloid leukaemia, ^chrome endocarditis malaria 
syphilis and splenic anaemia 

With reference to the presence of fever m diagnosis Napier has pointed 
out that some cases may be afebnie and \ates (1931) has again empha 
sized that no fev er may he present at the time of examination 

Napier who has had a very wide clinical experience with the disease 
m India says that a ty pical kala azar patient has a certain characteristic 
appearance which it is almost impossible to mistake when one is familiar 
with It and that an erpenenced clinician will make a correct diagnosis 
m 9 out of 10 cases He concludes nevertheless that when other aid is 
available it is not right to run the risk of confusing the disease with other 
infections and that diagnosis on clinical grounds alone is seldom if ever 
justifiable It is important to make an absolutely definite diagnosis before 
treatment is commenced since after treatment has been commenced the 
difficulties of diagnosis are considerablv increased Napier also empha 
sizes the injustice of submitting a patient with another disease to a long 
tedious and unpleasant course of treatment with antimony 

Differential Diagnosis — Reference has been made to the fact that 
cases of kala azar have been frequently diagnosed and treated as malaria 
When the case has not yielded to quinine in reasonable tune malaria may 
usually be excluded 

The differential leucocyte count in kala aiar often does not help to distm„uish the 
di ease from malaria but the relation of the red coipusdo to the leucocytes frequently 
doe The very low leukopenia may be almost diagno tic but leukopenia 1 frtQuently 
present in malaria In India an eafrrme fenexal anaemia is more common in malaria 
than in kala azar The finding of the causative oigaiusm of either kab azar or malaria 
IS sometimes the only definite means of making a dia^osis but it should be remembered 
that malaria infection may be associated with kala azar 

The disease is also to be dlBerentiated from undulant fever and typhoid fever 
Both the serum reactions and the blood evanunation with the cultivation of either 
Bacillus lyphosus or Brucella mehtensis liom the blood or spleen should give aid m the 
differentiation of kala azar from these diseases In undulant fever also there is no 
leukopenia 

Primary tuberculosis of the spleen as well as tuberculosis in association with 
ealar5,ement of the spleen in any form m which physical si^n in the chest are not 
obvious may give rise to considerabledifficulty in diagnosis In some instances unless 
the tubercle bacillus is discovered id the spiitom 01 leis/tmama are demonstrated la the 
blood or splenic jnatenal the diagnosis may be very difficult Napier thinks that m 
some cases the positive aldehyde leactioii is of much value in d agnosmg kala azar 
A s/philitic splenomegaly may also cause confusion in the diagnosis of kala azar 
Climcally syphilitic splenomegaly may manifest itself in the secondary stage m the 
form of a more or less considerable enlargement of the organ often with haemolytic 
icterus while in the tertiary stage it may assnine variable eJinical forms and simulate 



THE EEISHllAinASES 275 

Banti s disease The \\ assermann reaction may be o( assistance in the differentiation 
of the affection but it should be recalled that syphilis may be associated with kala azar 
The splenic anaemias particularly Banti s disease and the form of splenomegaly so 
common in tropical countnes to which the name of tropical splenomegaly has been 
applied may also be confused with halaazar Tropical splenomegaly of obscure 
cti logy IS common in regions m which kala azar is found as China Ind a and Vorth 
Africa As in Banti s disease the syndrome of the affection cons sts of splenic enlarge 
ment with later hepatic cirrhosis and ascites It also frequently begms at an early 
a e In the later stages of the disease the blood picture may be similar to that seen m 
kala azar and mdeed kala azar can sometimes only be d stinguished from it by the 
finding of Letshmatiia donovant Kala azar caa usually be d st nguished from leukae 
mil by the blood count 

In Africa Egyptian splenomegaly in which there is often an associated enlargement 
of the Lver and in China schistosomiasis may be sometimes confused with kala azar 
Demonstration of the ova of Sckutetoma hatmal'fbiuitt and of Schistosoma japomcum 
in the unne or faeces will obMously be of assistance in differentiating these affections 
from kala azar 

The absence of hookworm ova and of eosuiopbilia will aid in disunguishmg the 
dsease from ankylostomusis However kala azar may be assooated with severe 
ankylostoma infection In some localilies in China Vates (1931) says that kala azar 
IS almost universally aggravated by ankylostomiasis 

Muir calls attention to the possibility of mi takmg post kaU azar dermal leisli 
maniasis for leprosy Th s a part cuta ly true of two types of le sbmaniasi namely 
that with deep pigmented skin areas and the nodular or xanthoma type The history 
of previous kala azar and the di covery of Lttshmania la the lesion should prevent error 
m diagno is 


Laboratory Diagnosis —The only conclusive means of arriving at a 
diagnosis is by the discovery of the parasite Lttshmanxa donozani For 
this purpose microscopical preparations from the blood spleen bone 
marrow or liver should be immediately hardened m absolute methyl 
alcohol and stained by Giemsa s or Leishman s methods 

Splenic puncture is usually the most valuable method of obtaining 
material for diagnosis However the operation is not entirely free from 
danger as in some cases especially when the spleen is soft and enlarged 
the puncture wound has continued to bleed and death has resulted It 
has been stated that the mortality may approximate i per cent m splenic 
puncture 

Giraud and Gaubeit (1938) po nt out the dangers of spleen puncture and report 
3 deaths in 300 cases they performed but point out the risk of spleen puncture is more 
advisable th n submitting the patient to the long antimony treatment in wh cb the 
diagnos 5 has only been presumptuous 

Bousefield and Napier report that they have performed the operation 
more than 2000 times without any ill effects except temporary pain over 
the splenic area m a few instances In cases in which the spleen is exceed 
ingly soft it IS as well to avoid the operation one would obviously not 
puncture the spleen of a haemopbibac and rt must not be undertaken until 
leukaemia has been excluded 

It IS recommended that a dose of 30 gr of calcium lactate in 2 oz of 
water be administered the evenmg before and a half hour before on the 
morning of the puncture in order to promote the coagulability of the 
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blood After the puncture is performed the patient should be required 
to tecime for at least half an hour and he kept under inspection lot 
about another hour After the operation is completed and the point 
of puncture has been sealed with Collodion, a pad should be placed o\er 
the splenic area and a tight roU of bandage uound around the abdomen 
A s or 10 c c serum sjnnge preferably of glass with a needle of medium 
Cdiiber, and about i H inches long is desirable It is important that the 
syringe should be absolutely dry, otherwise the parasites may become 
distorted and destroyed The best results are obtained when \ery little 
blood IS extracted since a greater number of splenic cells are thus obtained 



Fic 63 — An endothelial cell conta n ng about 107 X. 4o ova n the spt en pu cture 
film (After 0 r S Young courtesy J 1 Shanghai Scl I 'st ) 

in which the parasites are situated It may be necessary to withdraw 
and release the plunger of the syringe several times before the necessary 
material is obtained m the needle 


Liter puffctu'C which appears to be l«s dangerous 10 some hands may ^ be 
employed in making a dugnosis but the parasites are often very difficult to find and 
It is therefore desnable in addition to inocidate some of the fluid or blood obtained from 
thehvet as well as from the spleen or penpberal blood on NicoUe ^ovy McNea! or 
other suiUble media placing the cultures at aa C The culture may not however 
/lewelon for several weeks In Madias the performance of liver puncture has been 
hv some to splenic puncture and U has been considered to be less dangerous 
Yates has found this true lO China also Napier however does not regard it as satis 
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factory as he has on more than one occasion found a liver puncture negative and on 
the same or following day found Urge numbers of XcuAman a in material obtained from 
the spleen lie says that it is probaUe m about 90 per cent of bala azar cases 
that the parasite are found in the smears from the first spleen puncture but there are 
cases m which the third and even the fourth spleen puncture smears are negatue but m 
which the flagellates have been grown on culture In partially treated cases it is usually 
impossible to demonstrate the presence of parasites except by cultural methods 

Examination oj tht ptriphtral blood may also reveal the parasite in the 
leucocytes but as the leucocytes are hard to find the blood should be 
diluted tv ith saline solution and thoroughly centrifuged 

Artificial pustulation has be<ri suggested by Cununins as an aid m obtaining the 
leucocytes in making a diagnosis Knowles has suggested the administration of i cc 
of 1 1000 liquor adrenalin hypodermically one half hour before films of the peripheral 
blood are taken which seems doc dedly to increase the percentage of positive find ngs 
in blood films The Indian Kata azar Commission performed experiments to deter 
mine the effect of the subcutaneous injection of admuhn on the blood picture in kala 
azar They found m untreated cases the leucocyt c response varied la 4 cases 
under treatment with stibamuio Ihote was a great increase m the number of 
leuweytes especially polyreorphoauclears and mononuclears 

Doaevan Fattoa Maekie and Knowles and Knowles and Gupta have arrived at 
varying conclusions regarding the possibility of the demonstration of Ltithmtntt m the 
per pheral blood by direct metoscop cal e amination which usually necessitates careful 
and prolonged study 0! many films 

Some reports from Madras and Assam have demonstrated the presenre of the 
organism in the blood m about so pet cent of (be cases 

Wang (ipjS) claims that by the use of Shortt s teebn queof raising a spreading slide 
quickly and producing straight-ended blood films in wfa ch numbers of leucocytes ere 
gathered he found Le shmonto m 39 per cent of 23 proved cases of kala aaar 

Henderson (1936) however m (be examination of 300 patients found leirilmisn a 
always present in the spleen but only in per cent m the blood and m 7 4 per cent in 
the nasal mucus 

Culture of Blood.— When the parasites are not found by direct microscopical exam 
oationof theblood they may sometimes beobtained tycultureof the blood Cornwall 
m Madias Hspier m Calcutta and Gupta have obtained good results by this method 
Napier however found a few e cept ons Usu Uy m cultures no satisfactory growth 
is obtained until the seventh day and it is often more satisfactory to leave the culture 
untouched until the tenth day However it is not afe to disca d the culture until at 
least zi days of incubation have elapsid 

Young and Van Sant (1923) have recomme d d centnfugmg a mixture of 10 cc 
venous blood with 30 to 70 cc uf cilraled Lock solution at 750 revolutions per minute 
then recentrifugmg the supernatant cloudy flu d at 1375 revolut oos and inoculating 
the sediment on NNN medium as they think (he removal of the blood serum is an 
adv Dtage Row Paradijo Ouptaand Adler and Theodor and others have succeeded 
inculCivatmgLmAma from the blood Adler and Theodor have shown that o 02 cc 
IS frequently sufficient for a culture 

Urine — Shortt repo ted the successful cnlti atioii of Letshman a done an from the 
centrifuged unne n 3 out of 9 attempts Napier however failed in 6 cases to obtain 
any growth from the sediment of the u me after having it stand for hours 

Bone Puncture — ^Trephining the head of the tibia and sternum punc 
tore have also been suggested as of \alue in obtaimng material for diag 
nosis particularly by Seylarth Jemma and Paradise 

Recently the advantages of sternal puncture for diagnosis have been 
emphasized d Oelsnitz C»93W in France placed most reliance upon it 
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in diagnosis and Napier (1938) who formerlj thought its value was 
questionable now states that it has been found to be a very reliable method 
of diagnosis onl^ just short of splenic puncture in the matter of accurac) 
and possibly safer 

Also, Schretzenmayer and Lancaster (1938) state that in all cases of 
leishmaniasis parasites were found in the bone marrow (sternal fluid) 
They regard it as the most certain method of (diagnosis fvassirskv (1934) 
and Chung (1938) ha\ e especially employed sternal puncture for diagnosis 
by improved technique 

Young and Osgood (1935) have reported the results of a study of stern<^ marriji 
obtained by asptrahon by a modification of Anniua s method (1917) A No 18 gauge 
lumbar puncture needle 4 cm long js used (aseptic precautions procaine infiltration) 
\V ith tbe point at the center of the sternonunubrial junction the needle is held at an 
angleoffio with the chestwall poioliogcaudad and gently forced through the ertemal 
lamina Care must be taken not fo Jet the needle jump too deeply into lie sternum 
when the lamina gi\ es way The base of the needle is then depressed to an angle of 30 
and the needle is gently forced in to a depth of i to • 5 cm The stylet is removed a 

3 cc syringe is attached and i or * cc of narrow contents is gently aspirated If 
necessary tbe needle is rotated and tbe position of tbe tip varied until material is 
obtained The material which looks lile blood is etpelled into a small Cube conttm 
mg s to 3 mg potassium oxalate per cc The needle is removed and tbe puncture 
wound sealed with collodion 

Chung advises inserting tbe needle obliquely at an angle of 30*40 at the midlme 
of the sternum at the level of tbe upper halt of tbe second or third mtercostal space 

In the large majority of cases LttskmOHio donetOHi were found 10 every ml imnersioo 
microscopic field provided that films of marrow were satisfactory for exammatton 

Since 1936 Chung has performed more than 330 sternal punctures on 300 patients 
without an accident Crcept for s or 3 failures which occurred during his eirly 
attempts largely due to inexperience the punctures have been very successful Bj' 
thismcthod 171 casesofkals aaar have been diagnosed Chung concludes that sternal 
puncture is the best method for diagnosis of Lala atar m hospitals dispensaries and 
rural health stations It is a simple and safe procedure which can be done repeatedly 
on all patients suspected of kata aaar including those with haemorrhagic tendencies 
without any risk 

Cochran advises excismg a lymphatic gland and making gland smears for etaou 
nation but Napier has found parasites usually scanty in the lymph glands Ciraud 
(1938) has performed puncture of the lymphatic glands successfully for diagnosis m 

4 cases of kala azar in children Napier (1943) has found when post kala aear dermsl 
lesions are present diagnosis can be made by examining stained smears from the cut 
surface of a nodule when Lenhmama are seen often intracellularly 

Biochemical Reactions — Napier and Gupta (1930) have reported 
upon the value of a provocative dose of pentavglent antimony in the 
diagnosis 0/ iala azar They observed that the intravenous injection of 
an ordinary iherapentic doss oi the pentarahnt compousd neostibosan 
has the effect of increasing the number of Letshmama in the blood of a 
kala azar patient The interval between the giving of tbe injection and 
the taking of the blood eTanunation in order to obtain the greatest number 
of parasites should be 10 minutes However it has been remarked that 
in some cases of kala azar the parasites disappear from the peripheral 
circulation a short time after the first ujection of antimonj for treatment 

Serological Tests — number of serum tests for the diagnosis of kala 
azar have been described When XheLeishmama cannot be demonstrated 
the diagnosis may be suggested or confirmed by one of these 
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Formol ^tl or Aldehyde Reaettoa — Add a few drops of commercial formalin to j c c 
of the su pected serum If the quantity of blood a Lmited a drop of serum may be 
placed on a slide which is then inverted over a watch glass containing a few drops of 
formal n In a few minutes the serum will solidify and become opaque The reaction 
IS positive m a majority of the caseiofkala azar Intheearly stages it may be negative 
and the strength of the reaction diminishes progressively during convalescence It is 
usually negative m cutaneous leishmaniasis Partial sobdihration may occur in some 
cases of tuberculosis leprosy syphilis and heavy malarial infections but the serum does 
not usually become opaque 

Gupta regard the aldehyde teaction as the most reliable of the serum tests and 
Chopra (1936) reports that NapKt a aldehyde reaction is positive in 83 $ per cent of 
kala a at cases and when the patient is cured this test becomes negative However 
Faust and Melen y in their study of casesof^chistMaMoja^oKtcum found that a high 
percentage of the sera examined gave a positive aldehyde test and that the serum 
globuUn w as greatly increased and equal to that m kala axar 

XafiwoHj Test — Add a drops of the serum to a cc of a per cent solution of urea 
stibamine or other penlavaUnt antimony compound Within 15 minutes a heavy 
Bocculent precipitate occurs in positive cases The test may be made more sensitive 
by layering the serum over the anUiDony solution The strength of the reaction can 
be estimated by the amount of the precipitate The results of this test psrallel closely 
those of the formol gel reaction according to Nap r but with undiluted serum he thinks 
It less reliable than the aldehyde reaction 

Labernadie and LalTlle (1919) have found that in performing the antimony test 
the administration of quinine (1 gm of quinine sulphate) 3 hours b fore withdrawal 
of thebloodfoe the test causes a precip late to form in the sera of thep rsons who have 
no eluueal symptoms of kaU aear and who g e negative reactions previous to the 
ingestwQ of qum oe In making this test ibetefcre this source of error should be 
avoided 

The mechanism of these reactions is not entirely understood Nattan Larr er 
and oth rs (1934) have shown that t o factors ate involved lo the formol gel reaction 
The substaoce causing gelifirat on is remo cd from the serum by dialysis while that 
producing opacity la retained These mvcsligators suggest (hat the two tests be com 
bined by adding immediately to the antimony test 0 s cc of formalin A heavy 
bulky precipitate is formed They claim that (be combined lest is more sensitive and 
more reliable th a e ther alone 

Cloiul n Prectpitaiion Tetf (Ray s Test)— one part of serum with t parts of 
distilled water A turbidity and later a Oocculent precipitate develops in positi e 
cases If water is poured on the su face of (he <nim a ring effect will be produced 
This reaction is due to a marked increase in the globulin (chiefly euglobuUn) content 
of the setum with a caiiespond ng eednction in the amount of albumin The reaction 
IS not specific for kala arir however but occirs in other conditions particularly 
malaria Meleney and Vtu ha e reported very high globulin values in Sek sto oma 
tape um infections also 

Several investigators b ve pointed out that the erythrocyte sedimentation rate is 
probably greater m kala azar than m any other disease However the estimation of 
this rate seems unlikely to prove a measure of any pract cal d -ti si c al e though 
Chung (1934) has found it markedly in reased in 36 cases of kala azar that be sCudi d 
Se t olonTsU — Int adermalinjectionsof alkal nued e tractsof the i<« *m«n a 
are sa d to give positive reactions in a mapnty of the cases The diagno tic value of 
these reactions and of complement fizatiois te ts is disputed 

Animal inocul Uon is n jt useful as a d agnost c procedure sm t is difficult to 
infect the ordinary laboratory sniinals w th small quantities of materul 

Course and Prognosis 

Course — The (ever of kala azar may continue with varying degrees 
of seventy m untreated cases for many months The disease is usually 
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a chronic one in the great majonty of cases, although both the adult and 
infantile types may show cases rapidly running to a fatal termination 
The a\ erage duration of the disease in untreated cases from the beginning 
to their termination in 193 patients reported by Rogers m the Assam 
epidemic, was 7 4 months However, he emphasizes that the disease nay 
last for several years in the sporadic form Muir found that the duration 
was seldom more than 12 to 15 months in Bengal In some instances 
the disease may apparently remain dormant for long periods without 
obvious symptoms The primary disease is generally considered to be 
rarely the direct cause of death, which is almost alwavs due to some 
complication 

ftognosis — In earlier years the prognosis was generally considered 
very unfavorable In India the mortality in untreated cases was some- 
times giv en as high as 95 per cent and as varying from 75 to 98 per cent 
The mortality in the infantile form was said to be equally high Rogers 
reported that the mortality of the epidemic form in Assam m 1897 was 
no less than g6 per cent among the coolies of certain tea estates, in spite 
of their being under the care of an experienced medical man, Dodds Price 
and that a verv similar death rate occurred m Madras City from this 
disease In the more chronic sporadic type of tala azar, in the great 
endemic area of Bengal and Bibar it was a little less recovenes oca 
sionally taking place but the mortality was still probably well over 80 
per cent 

Some patients have recovered after having nearly died from a second 
ary infection compbcatmg the disease A leucocytosis is considered a 
favorable sign, while leukopenia and polymorphonuclear decrease are 
unfavorable signs Unexpected recovenes are occasionally met with 
The prognosis is usually poor in cases with canctum oris m other septic 
infections or when the patient is exceedingly emaciated also, those 
cases in which there is ascites indicating fibrotic changes or those with 
marked intestinal disturbances In a few cases the post kala azar dermal 
lesions are very resistant to treatment 

However since the recently discovered antimony treatment for the 
disease has been employed, the prognosis has become in many cases much 
more favorable Thus Young reported the recovery of 88 per cent of 
26 000 patients who were treated for several months by intravenous injec 
tions in Assam villages against a recovery rate of only 5 per cent in the 
same epidemic form of the disease m the Nowgong district 2 decades 
before A year later the treated cases amounted to 80 000 w ith the result 
that the 1921 census showed no fall in the population in the infected areas 
Napier says that probably 85 to 90 per cent of all patients who come under 
suitable treatment recover Among patients treated with one of the 
more successful pentavalent antimony compounds the eventual cure 
rate is possibly 95 per cent The proceedings of the symposium (held 
m China in 1931) upon the treatment of kala azar with neostibosan also 
emphasizes the more hopeful outcome of the disease Struthers says that 
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by careful treatment with neostibosan if there are no serious complica 
tions a cure rate of from 95 to 98 per cent is to be expected 

In spite of these hopeful statements the writer regards advanced kala 
azar as alv,ays a serious disease and the outcome of any individual case 
in an advanced stage is always more or less doubtful 

Prophylaxis 

While certain general prophylactic measures employed in India have 
apparently been of value in the prevention and control of the disease m 
the absence of exact knowledge of the usual method of transmission 
sharply defined prophylactic measures cannot be advised 

Since the disease is to some extent one of locality houses and places 
beheved to be infected should be avoided On the hypothesis that species 
of PkUbotomus are the vector of the malady the destruction of these 
minute insects and the protection against their bites seems to offer a 
chance of success As Patton has pomted out it is extremely difficult to 
carry out controlled measures against these small flies since in the major 
ity of localities where they are common it is frequently not possible to be 
sure where they are breeding It is known however that they breed in 
moist dirt cracks crevices and boles m the ground among piles of 
rubbish bncks and stones in all kinds of refuse in old disused cellars on 
the sides of drams low down near the foundation of stone walls which 
are dry above earth and moist below the surface id heaps of kitchen refuse 
near walls and in heaps of garden refuse 

The diversity and extension of these breeding places make it often 
difficult or impossible to deal with them satisfactorily It is important 
however to keep compounds of houses clear of rubbish collections of 
stones and bricks and where possible to close or fill up all holes cracks 
and fissures in the walls or close to buildings with cement mortar or tar 
Dark places and latrines may be smoked with sulphur fumes and put into 
sanitary condition and dark moist places dried whitewashed and venti 
lated Many of the adult flies may be killed by swatting Patton 
particularly recommends spraymg all holes cracks and fissures with a 
good kerosene oil immersion He advises kylpest as being one of the 
most efficient It is not only a contact poison killing the flies rapidly 
but being an oily fluid it also repels them for quite a long time Napier 
believes that PAUbo/omus argailtpes is less frequently found in huts that 
have plastered floors 

Lloyd and Napier have found that these flies prefer bovine to human 
blood but human blood to avian blood However we do not know 
whether the closer proximity of a cow would tend to attract more sandflies 
to the sleeping quarters or would provide a more attractive meal for the 
few that were already there Since ducks and fowls may attract flies 
they should be banished to the most distant parts of the compound and 
certainly not be allowed to roam freely m the compound more especially 
into ventilation spaces under the buildings 
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Although these flies are so small and delicate they can and do enter 
rooms sometimes at considerable distances from the ground As however 

it IS reported that thej do not usually fly higher than ro feet the removal 
of inmates to upper stories may be of some value The height to which 
sandflies reach is however diluted No gardens or cultivated ground 
should be permitted in the immediate vicinity of btuldings and creepers 
should not be allowed to grow on the walls Verandas should also not 
be choked with plants as is so commonly the case m tropical countries 
Napier emphasizes that Phlebolomus argentipes is very sensitive to 
smoke and is seldom found in a room where cooking 13 done He advises 
periodic fumigation of the sleeping quarters with either sulphur cresol or 
crude tobacco He points out that the range of the sandfly is a ver> 
short one and as these flies do not apparently breed out m the open 
effort should be made to destroy the larvae by penodicalI> spraying with 
some antiseptic the possible breeding grounds and by attempting to make 
the soil around the hut unsuitable for breeding purposes by the addition 
of some cheap chemical such as lime Some epidemiological studies 
seemed to show that isolating an infected area for a distance of only 300 
yards sufficed to prevent the spread of the disease However Patton 
(1931) found Phlehotomus will fly long distances especiallj on still nights 
and will sometimes enter bedrooms at least 50 feet above ground 

In districts regarded as infective it may be advisable to employ a 
muslin net or one with only 22 holes to the square inch since ordinary nets 
offer no barrier Phltbolomus being small However such nets are at 
the time of the jear when infection seems most likely to occur almost 
unbearably hot 

Deterrents are sometimes of value Several lumps of camphor placed 
m the bed are said to be sometimes effective Balfour has recommended 
a repellent ointment for application to the skm as being most efficacious 
This consists of oleum anisi eucalypti and terebinth each rmmms 3 
and lanolin ounce i Chojee has recommended 5 per cent thymol made 
up into a firm ointment and rubbed into the skin as an excellent prophy 
lactic measure against Phltbolomus 

Air currents have a marked effect on sandflies and ^Vhittingham has 
shown that one of the most effectiv e ways of ndding quarters of these pests 
IS to create a strong current of air by means of electric fans 

The cases of kala azar should of course be dealt with as infectious 
and segregated protected from bloodsucking arthropods and treated 
with antimony compounds In Mediterranean areas and other localities 
where camne leishmaniasis is present dogs and especially infected dogs 
should be destroyed Espeaally in the endemic districts dogs should be 
kept away from association with children as well as adults In India 
general measures that apparently have been of advantage m former > ears 
are the segregation of the sick burning of the houses clothing and even 
furniture and the provision of new huts 

Good results have also followed the actual treatment of cases on a large 
scale Rogers m his campaigns against the disease emphasized first 



IKE I£1SHUAKUS£S 


283 

the measures possible to prevent aew infections arising and secondly 
the influence of the greatly improved treatment of the disease in dimmish 
mg the sources of infection 

Young has also recenllj described the methods employed in Assam m 
connection with the prevention oi the deease When large numbers of 
cases have been discovered in a village it is reported as an infected area 
The inhabitants are removed from the infected site each family bemg 
classified under one of three groups namely infected contact and free 
Each of the groups is located on separate sites The infected ones are 
promptly treated while the remaining are placed under observation 

Napier also emphasu'es two principal Imes of attack namely the 
segregation of the sick and contacts and treatment of the sick 

Kundu (1931) who has been m touch with kala azar work in Assam 
since T917 states that up to 1920 segregation of infected persons evacu 
ations of sites and houses and burning of huts and clotlies were apparently 
the only possible methods adaptable to prevent the spread of the disease 
Owing to the hardships inflicted b> these methods there was an ever 
increasing tendency on the part of the population to conceal cases Since 
the introduction of anlimonv treatment there has been a diminished 
incidence and the death rate has been reduced from 39 3 m ipso to 7 in 
IQSS 

Treatment 

Prior to 1915 man> drugs had been tried m kala azar without any of 
them showing any defimte efficiency or produang any appreciable reduc 
tion of the high mortality of the disease Intravenous injections of tartar 
emetic were apparently first employed by Martin and LeBoeuf (1908) 
m the Ireatmenl of trypanosomiasis and attention to such treatment 
was emphasized by Kerandel s report of curing himself of trypanosomi 
asis m this way Subsequently the method was employed by Vianna 
and Klachado (1913) in the successful treatment of cases of Brazilian 
cutaneous and mucocutaneous leishmaniasis Caroma and diCnstina 
(1915) then employed intravenous mjections of tartar emetic for the 
treatment of inlantile kala azar in Italy Of 8 cases which they treated 
5 were cured were recovering and only i had died of complicating 
nephritis at the time the report was made These favorable results were 
confirmed and extended by Rogers (1915) Muir (1913) Price {1919) 
and Knowles (1920) in India who thoroughly demonstrated the great 
value of the antimony treatment Rogers especially emphasized u as a 
specific cure for the disease 

More recently the introduction of the organic pentavalent compounds 
of antimony in which the antimony is, attached directly and not as in 
tartar emetic through osygen and carbon have given even more favor 
able results It has been well recognized that potassium and sodium 
antimonul tartrates when inoculated intravenously may produce toxic 
and mflammatory symptoms and not infrequently give rise to pneumoma 
the unfavorable results apparently being due to the liberation of antimony 
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trioxide by the serum alkah Pneumonia has constituted one of the most 
frequent causes of death during treatment with tartar emetic 

On the other hand the pentavalent compounds are not only much 
less toxic, but also give mudi more rapid results in treatment Manj 
workers who ba\e recently investigated the clinical efficiency of the anti 
mony preparations m kala azar, as Napier Rogers and Kundu in India 
and Struthers Morgan and Woods and Bell in Chian all emphasize the 
advantages of the pentavalent compounds over the sodium and potassium 
tartrates of antimony However Catoma (1930) m reviewing the pro^ 
ress of the treatment of kala azar from the time of the introduction of 
tartar emetic in 1915 states that he is convinced that tartar emeUc 
remains the best remedy for the disease when it is possible to admimster 
it intravenously The expense of the pentavalent compounds of antimony 
IS obviously considerably greater than of the inorganic salts 

The preparations of antimony which have been particularly employed 
in the treatment of the disease are the sodium and potassium tartrates of 
antimony stibenyl (stibacetin) urea stibamme (stiburea), stibamine 
glucoside or neostam stibosan neostibosan and solustibosan 

Sodium and Potassium Tartrates of Anhmony — Sodmm and potas 
Slum tartrates of antimony have been extensively used in a « pet cent 
freshly prepared solution administered intravenously The dose recom 
mended for an adult to begin with is 2 cc of the solution containuie 
0 04 gm of the salts The dose should be increased by x cc at each 
administration up to a maximum of 5 cc or 0 i gm Subsequently the 
dose should be 5 cc on each occasion The injections should be made on 
alternate days throughout the course of treatment and continued until 
4 grams of the salt have been administered In infants of 3 years, the 
fcst dose should be 0 s cc of a 2 per cent solution and increased to 2 cc 
as a maximum For a child of la yexrs i cc should be at first injected 
and increased to a maximum of 3 5 cc For other ages the dose should be 
proportionate 

Symptoms of tntoxualton are not uncommon They appear immediately after 
injection though sometimes at later periods Tbeymayconsistofmetallictaste head 
ache giddiness sore throat cough nausea tachycardia diarrhoea muscular stifiness 
and great debility The drug may produce severe fatty degeneration of the heart 
hver and kadneys The most common tone symptom after the mjection is a £t of 
coughing This is a very frequent occniience and is not usually of great signincance 
In some instances however the cough may be so severe that the patient eventually 
vomits If this takes place it is always an indication that the dose should not be 
increased Nausea is also an indication against any further increase in the dose If 
actual vomiting occurs the neat dose should be reduced and only increased again when 
tol ranee has become established Both vomiting and coughing may be induced by 
giving injections on a full stomach or by injecting the solution too rapidly Codeine 
gr }i or liquor adrenalin min ims 10 given intramuscularly about JO minutes before 
the injection of the antimony salt will often reduce the tendency to cough 

The extreme frequency of the occurrence of respiratory complications during the 
course of treatment with the antimony tartrates led to the suspicion that the condition 
was actually caused by these injections and the extreme rarity of these comphcations 
among paUents treated with the pentavalent compounds has now confirmed this sus 
picion Napier found that pneumonia is one of the most distressing complications ot 
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treatment and frequently carriea off a pabent «bo has completed about half bis course 
of antimony and is progressing favorably to convalescence A number of deaths have 
been reported by different obs rvers as due to the drug Rogers encountered at least 
3 deaths Christopherson s and Low and Knowles one each and a number of deaths 
have been reported in Italy among children due to poisoning by the drug in the doses 
recommended 

The drug has some depressing action upon the heart and very marked slowing of 
the heart is met with in some cases towards the end of the course of treatment When 
this occurs it is certainly an lOdicaliOD that the treatment should be suspended Dur 
mg the admmistr tion of therapeutic doses the faQof blood pressure is usually very slow 
and only transitory Chopra however found that large doses when given to cats 
especially if given rapidly cause a pronounced and lasting fall of the blood pressure 
Any kidney disturbances in man are likely to be aggravated by the antimony tartrate 
injections 

Main2er and Krause (1940) in the study ssith the electrocardiogram 
of 13 cases undergoing treatment with tartar emetic found in 7 con 
siderahle alterations and in 3 they were markedly pathological The 
effect of the changes was parallel to the degree of bradycardia and was 
considered as resulting from intoucation of the heart muscle due to tartar 
emetic 

Severe joint end muKuUr pains ere very common complicetions of treatment but 
fortunately seldom occur escept towards the end of the course of injections They 
usually come on some 4 or 5 hours after the injection and according to hapier last for 
anytime up to ta hours He has found that by giving so gr of a pinn about half an 
hour before the pains are eirpected to commence their seventy can bs d minitbed 
considerably 

Imtaiifig papular erupt ons occasionally occur They do not usually disappear 
until the injections have been discontinued 

A sharp nsc of temperature may occur in some of the cases following the injections 
However under the treatment the temperature usually (alls steadily with the exception 
of a possible lemporaiy nse on the day of an injection Often after about the fffth 
injection the patient is entirely free from fever In most ca es the temperature should 
have become normal in to 3 « eeks Even then however an intcnaittent nse may 
occur on the days of the injccttons Napier believes that a sudden sharp reaction of 
fever m a patient in which the temperature has subs ded usually indicates that too big 
a dose has been given Increase m the sue of the spleen and liver may also occur as a 
result of the injections of antimony 

CurahTe Dose — \Vhile the amount vanes m different cases Napier 
found the maximum curative dose of the tartrates of antimony to be 
about 4 gm for every too lbs of body weight Ifowever in many cases 
m which the improvement is evident in a short time a total of 2 55 gm 
m 30 injections is sufficient In still more resistant cases full 4 gm in 
4S injections should be administered 

Pentavalent Preparations — Of the pentavalent preparations of anti 
mony neostibosan neostam solustibosan and ureastibamme appear to be 
the most satisfactory Umstibaminc (sUhutea) is a compound of urea 
and stibamme {p aminophenylsUbinic acid) which was introduced by 
Brahmachan m India According to Indian reports it has prov ed to be a 
very efficient preparation However it has been reported that it is apt to 
undergo chemical changes if exposed to the air Neostam is a stibamme 
glucoside 
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\eosttbosan (Bojer 693) (para ammo phenji stibinic acid) combined 
ivith an amine would appear to he a more satisfactor3 compound for 
treatment It contains 40 per cent of metalic antimonj and is com 
paratively non toTic Different preparations of this drug have been 
found to differ considerably in their efficiency More recent preparations 
have been prepared and sold under the term Bayer 693B It may be 
given in a strength of 25 per cent and injected either intravenously or 
intramuscularly The initial dose for an adult is o i gm the second 
dose o 2 gm the third 0 3 gm The doses may be given daily About 
10 injections are required for an average case and it is said that a total of 
-» 7-4 o gm IS usually necessary to effect a cure The special advantage 
of this drug IS that it may be given intramuscularly to children Anti 
mony preparations administered intravenously to children are apt to be 
followed by bronchial pneumonia and Neumann reports that since using 
neostibosan intramuscularly bronchial pneumonia has been much less 
frequent This drug is now 1944 prepared by the Winthrop Chemical 
Co 


ttoods and Bell have pubbshed a report «( 3539 cases of kah tzar treated dunng 
the first IX months of 1930 Of these 1097 were patients in the hospital labile 
the remainder were quartered near the hospital and came daily for treatment Viith 
few eiceptions all were treated with neostibosan Tor an adult of iso lbs weigbtand 
m good condition the initial dose was o t gm This was increased by increments of 
o 05 gm until a maximum of o 3 gm was reached for hospital patients and 0 sg for 
out patients The injection were given usually on alternate days up to a total of 
3 or 3 s5 gm Of the 0539 cases 1914 were reported as cured 473 as still under treat 
ment 43 vs having died and 109 as having left the hospital before treatment was 
completed 

Soliislibosan — Anew drug Solustibosan (Bayer 561), a sterile isotonic 
neutral solution in water has recently been introduced which is reported 
as superior in efficacy to neostibosan 

Kikuth and Schmidt (1938) who have u ed the European hamster for testin the 
value of different drugs and controibng the result of the infection by liver puncture 
recommend solustibosan cspeciall} the toeicity of which is lower and larger amounts 
of antimony can be administered than is the case with other pentavalent compounds 
One cc of this preparation contains 20 msUi antimony and 6 cc corre ponds to o 39 
gm neostibosan Dose 7 cc for each Lgm body weight 

Struthers Napier and 'iates (1939) have also used this drug solustibosan with 
good results 

Wang (1938) has repotted that in the treatment of experimental kala azar much 
more antimony can be given in the form of solustibosan than of neostibosan but more 
of the drug is required to complete the cure Daily injections are said to be less effec 
tive than biweekly or triweekly It nay be given intravenously or intramuscularly 
Later it was shown that larger doses of solustibosan (i»-i cc) could be given with 
safety (Kikuth 1943) hence a concentrated solution of it has been prepared '*bich 
contains too mgm of pentavalent antimony per cc Kikuth slate that in spite of the 
solution being hypertonic it is absorbed without irritation from the tissues An oil 
suspension of solustibosan m which i cc contains 54 mgra of pentavalent antimony 
has also been prepared 

It IS claimed that both of thcie preparations are more satisfactory for 
treatment than the old solustibosan Lozano Morales believ es the con 
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centrated solution of solustibosan is most satisfactory He treated five 
cases in children m Spain without evidence of tOTicity 

Choice of Preparation — It is perhaps unfortunate that many of the 
reports of the results of treatment with the different antimony prepa 
rations omit references to the number of deaths 

In 1924 Napier reported a 14 4 per cent death rate in a senes of 139 
cases treated with sodium and potassium antimony tartrate while in a 
similar series of 35 cases treated with sodium antimony tartrate the death 
rate was 22 8 per cent However these figures are in marked contrast 
to those obtained in 167 cases treated by him with 6 different pentavalent 
compounds in which the death rate was only 4 2 per cint Strothers and 
others in China have also had much more favorable results with the 
pentavalent compounds 

Napier points out that the disadvantages of the pentavalent compounds are few 
It seems possible that post treatment jsnndjce 1 a little more frequently encountered 
in patients who have been treated with them and with seme mi anapbyhttic hke 
group of symptoms may appear suddenly towards the end of the course of the miectnns 
lie believes that there are practically no special advantages m us ng the antimony 
tartrate salts and that the only thing that stands in the nay of the total abandonment 
of then MW » the leUtively hi h cost of the penUvaUnt preparations Tak ng j gta 
as the dose n eeasary to eSeet a cure be points out that 10 India the cost of cu log one 
patient will be 3 pence if sodium antimony ta irate s used and at least eg shillings if 
one of the pentavalent compounds is used 

Nap r n compan ^ the value of the different pentavalent compounds points out 
that the mean number of mjectioos pnot (o the cessation of fever of each senes treated 
with the diSercnt preparations was as follows stibo an 56 stibsmine glueoside 34 
urea stib mine 5 t No 693 4 $7 and anuno stiburea 4 4S Stibosan ahowed the 
highest death rate and No 693 (neostibosan) the lowest He emphasites that in view 
of the fact that the eases t eated with neostibosan were cot in any way selected and 
that quite a number of very debilitated pat ents were included in the ser es it is rather 
remarUble to be able to report upon di cases without a sin^e death jaundee which 
IS a coramon sequel to the tiealment with most of the prepualisns appeals to he tare 
with neosUbosan Stbosan he believes is the most stable compound while ammo 
stiburea is possibly the most powerful in its actran H wever neostibosan is the most 
innocuous and if its curative value is less it 1 only slightly less than that of ammo 
stiburea and he believes that it will prove the most useful drug in the treattneut of 
liala azar Also StruCheis BetheU Tomer Morgan and Moods and Bell in China 
evidently cons dei neostibosan to be tbe most sat stactoiy pentavalent compound for 
treatment In StruChers senes of 87 cases 3 died of Turner a senes of 7 3 died, 
while of Woods nd Dell s series of 539 which w th few eceeptions were treated with 
neostibosan 43 died 

Ermen (193S) emphasizes that the actmtj of the pentavalent compounds is asso 
ciated with a hi Uocytic response m the Mood and the beneficial act on in kala azar is 
probably due to the double action one on the parasites and one on the patient He 
bel eves the tnvalent compounds like fouadm are inactive However some favorable 
reports from tbe use of fouadm have been made 

Technic of Injections. — Nothi g with lefetenc to the techn c of performing the 
intrave ous inject ons with the diSerent antimony preparat ons need be stated except 
to emphasize that care must be taken that the pomt of the needle be mtroduced clearly 
mto tbe vein nd not into the w U of the ves el as any escape of the fluid into the 
tissues will produce cute mSammation V ms of the elbow are usually most suitable 
Howeve m ery young ch Idren and us a few adults the ems are so smaller so deeply 
buned th t it is Imost impossible to puncture them In Italy some mjections have 
been made mw the external jugular vein bat fatal tone results have been recorded m 



TK£ATUENT 


Italy m children and so great caution ranst be exercised if the external jugular is used 
particularly with reference to the sue of the dose 

It IS again emphasued that the solution should always be freshly prepared and 
perfectly clear after stenhration 

Method of Admuistratioa — Since the jntroductron of antJmoDj id 
treatment all possible methods of administration have been tned The 
intravenous injections arc generaU> by far the most satisfactorj Under 
certain circumstances intramuscular injections may have to be emplojed, 
and in some cases intravenous injections may cause severe constitutional 
symptoms Intramuscular injections are supenor to subcutaneous 
administration as the latter almost imariably produces cellubtis niich 
maj lead to abscess formation 

Only the more recent pentavalent compounds are satisfactorj for 
intramuscular injections Some preparations cause considerable pain 
at the time of injection, and others cause less pain at the time, but con 
siderable spelling and pain later The fever may last for a week 

The gluteal region seems to be ibe most satisfactory site but the deltoid muscles 
may also be suitable and repeated injecttona of o i go. of the drug may be given This 
amount may be given in a cc of a 5 per cent solution Tor a child this dose may be 
suSciently large to edect a cute in 10 to ts injections but for an adult it may be neces- 
sary to give daily injections and to give at least rj of them before a cure is obtained 
Kapier has more recently treated so cases intramuscularly with e 3 gm of neostibosan 
in 35 per cent solution in distilled water In only one instance out of about see injee 
tions was there inflammation follovred by abscess 

Xone of the compounds that have been produced is suitable apparently 
for oral administration The tartrates are \ery irritating if taken la 
anything but minute doses and the pentavalent compounds are appar 
ently not absorbed Napier gase a patients one gram of stibenyl a day 
for 14 days without obtaining any clinical improvement m either case 
The urine at no time contained more than a trace of antimony 

Napier does not believe that rectal administration is successful 

Smyly (1927) treated 3 cases with rectal injections of tartar emetic 
o 04 gm , increasing up to o 3 gm in 100 cc of normal saline The injec 
tions were well retained and antimony was found in the unne m all cases, 
but the antimony was not absorbed m sufficient quantities to be effective 
However a few reports of successful treatment of children by rectal 
injections have been made 

Disturbances Associated with Treatment by Penbrvalent Compounds— Vomiting 
IS one ni the most common disturbances The patient usually vomits within about 
JO mmutes after teceivmg the injection The vomiting may be preceded by giddiness 
and nausea If when premonitory ^mploms appear the patient remains quieUy 
at rest in bed actual vomitmg is sometimes avoided Withstibosan Napier found this 
complication rare except when the mjectums were pushed beyond the usual maximum 
dose With ureastibamine ammo stiburea and neostibosan he found that vomiting 
occurred in approximately 10 per cent of the eases In cases which show a tendency to 
vomit the dose should be kept down to about one half the usual maximum dose and 
the increase m amount should be made very cauUousIy 

Patients also sometimes suffer from diarthoea which may become severe towards 
the end of a course of treatment Tlie patient may become collapsed and one ol 
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Napier s patients died from the effects Howerer if the treatment is discontmued 
the conditioTi usually improves 

Symptoms resembling those of anaphylaCbc shock sometimes occur quite suddenly 
They ha' e been noted particularly after the sixth or se\ enth mjection w hen the patient 
had been receiving the maximum dose for the last few injections The patient s face 
may become puffy and an urticarial rash appear all over the body the voice becommg 
husky and there may he considerable difficulty id breathing Sometimes the patient 
becomes collapsed the pulse being imperceptible at the wnst or there may be violent 
di rthoe and vomitmg the patient becomes cyanosed at times breathing stertorously 
and remaming uncosscnus for some minutes 

AU these unfavorable symptoms usually disappear within 2 hours but the puffiness 
of the face may last for 4 hours or longer While these symptoms may be alarming 
Napier records no deaths from them but as further adnunistration of the smallest dose 
may lead to a recurrence it is best to abandon treatment with the particular compound 
altogether and to choose some other pentavalent preparation 

In a few instances after treatment with stibosao and urea stlbamme symptoms of 
acute congestion of the liver have been noted the organ becoming markedly enlarged 
and the patient complaining of severe pam m the hepatic region There also may be 
a return of fever if the temperature has fallen to normal In other instances the spleen 
becomes acutely enlarged If the tre tment s discontinued immediately the symp 
toms will usually subside 

Relapses — A relapse id iata azar after iDsuf&cient treatment is not 
ver) uncommon ^viten a relapse occurs the patient must be given a 
further and much more thorough course of treatment Care should be 
taken not to confuse fever due to malana or other infectious disease as a 
relapse of the kala azar A very definite enlargement of the spleen usu 
ally accompanies feier that is due to a relapse and where possible 
spleen puncture should be done to confirm the diagnosis 

hlitra believes that relapse may be due to parasites concealed m the 
bone marrow or spleen where the circulation is retarded and which escape 
the action of the drug 

In some patients the disease is much mote resistant to treatment 
than in others Reports have been made of certain cases of kala azar 
that arc uncontrolled bj any of the antimony preparations These cases 
usually go on to a fatal issue in spite of prolonged treatment over many 
months and death usually occnis through some complication Other 
patients show an intolerance for antimony apparently due to an idio 
syncrasj for the drug 

Some writers think that insuffiaently treated cases that have relapsed 
are then more resistant to antimony treatment but Napier is opposed to 
this view 

Cntena oi Cure — is important to recognize when the patient is 
cured and when it is safe to discontinue antimony Napier and Haider 
have found that a total relative dose of 3 gm about 30 injections m an 
average adult will effect some 80 per cent of cures and they believe that 
prolongation of treatment beyond this point will produce only a very 
slight increase in the rate of cure However as they found no evidence 
that a prolongation of treatment up to a lumt of about 6 gm is detri 
mental to health a very thorough course of treatment is desirable in 
pnvate patients 
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Italy ta children and so great caution must be exercised if the external jugular is used 
particularly with reference to the size of the dose 

It IS again emphasized that the solutioa should always he freshly prepared and 
perfectly clear after sterilization 


Method of Administration — Since the introduction of antimony in 
treatment all possible methods of administration have been tried The 
intravenous injections are generally by far the most satisfactory Under 
certain circumstances intramuscular injections may have to be employed 
and in some cases intravenous injections may cause severe constitutional 
symptoms Intramuscular injections are superior to subcutaneous 
administration as the latter almost invariably produces cellulitis which 
may lead to abscess formation 

Only the more recent pentavalent compounds are satisfactory for 
intramuscular injections Some preparations cause considerable pain 
at the time of injection and others cause less pam at the time but con 
siderahle swelling and pain later The fever may last for a week 

The gluteal region seems to be the most satisfactory site but the deltoid muscles 
may also be suitable andcepeatedmjecuonsof o i gto of the drug may be given This 
amount may be given in e ec of a ; percent solttUon For a child th» dose ms^he 
sufficiently large to eSect acure to lo to is injections but tor an adult it may be aeces* 
sary to give daily injections and to give at least 35 of them before a cure is obtained 
Napier has more recently treated so cases intramuscularly with 0 3 gm of neostibossn 
in aj per cent solution in dirtilied water In only one instance out of about soo ujec 
tions was there inSammation followed by abscess 

Xone of the compounds that have been produced is suitable apparently 
for oral administration The tartrates are very irritating if taken m 
anything but minute doses and the pentavalent compounds are appar 
ently not absorbed Napier gave 2 patients one gram of stibenyl a day 
for 14 days without obtaining any dimcal improvement in either case 
The urine at no time contained more than a trace of antimony 

Napier does not believe that rectal administration is successful 

Smyly (1927) treated 3 cases with rectal injections of tartar emetic — 
0 04 gra , increasing up to o 3 gm in 100 cc of normal saline The injec 
tions were well retained and antimony was found m the urine in all cases, 
but the antimony was not absorbed in suffiaent quantities to be effective 
However, a few reports of successful trratment of children by rectal 
injections have been made 


Disturbances Associated with Treatment by Pentarvalent Compounds.— 'Vomiting 
IS one cl the most common iutaibances The patient usuaSy vomts wilhin about 
JO minutes after receiving the injection The vomiting may be preceded by giddiness 
and nausea If when premonitory symptoms appear the patient remains quietly 
at rest in bed actual vomiting is sometimes avoided Withstibosan Napier found this 
complication rare except when the lo^ectxins were pushed beyond the usual maximum 
dose With ureaslibamine ammo stibnrea and neostibosan he found that vomiting 
occurred m approximately 10 per cent of the cases la eases which show a tendency to 
vomit the dose should be kept down to about one half the usual maximum dose and 
the increase in amount should be made very eautmusly 

Patients “igo sometimes suffer from diarrhoea which may become severe towards 
the end of a course of treatment “Ihc patient may become collapsed and one of 
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Napier’s patients died from the effects Howero if the treatment is discontmued 
the condition nsnally impioves 

Symptoms resembling those of anaphylactic shock sometimes occur quite suddenly 
They have been noted particularly after the sixth or seventh mjection when the patient 
had been receiving the maumum dose for the last few injections The patient s face 
may become puffy and an urticarial rash appear all over the body the voice becoming 
husky and there may be considerable diific^ty m breathing Sometimes the patient 
becomes collapsed the pulse being imperceptible at the wnst or there may be violent 
diarrhoea and vomiting the patient becomes C3ranosed at times breathing stertorously 
and remaming unconscious for some minutes 

\U these unfavorable symptoms usually disappear within 3 hours but the puffiness 
of the face may last for 14 hours or longer IMiife these symptoms may be alarming 
Napier records no deaths from them, but as further administration of the smallest dose 
may lead to a recurrence it is best to abandon treatment with the particular compound 
altogether and to choose some other penUvalent preparation 

In a few instances after treatment with stibosan and urea stibanune symptoms of 
acute congestion of the liver have been noted the organ becoming markedly enlarged 
and the patient complaining of severe pain m the hepatic region There ilso may be 
a return of fever if the temperature has fallen to normal In other instances the spleen 
becomes acutely enlarged If the treatment is discontinued immediately the syrop 
toms will usually subside 

Relapses — A relapse in kala azar after insufEcieot treatment is not 
very uncommon When a relapse occurs the patient must be given a 
further and much mote thorough course of treatment Care should be 
taken not to confuse fever due to malaria or other infectious disease as a 
relapse of the kala azar A very definite enlargement of the spleen usu 
ally accompanies fever that is due to a relapse and where possible 
spleen puncture should be done to confirm the diagnosis 

Mitra believes that relapse may be due to parasites concealed in the 
bone marrow or spleen where the circulation is retarded and which escape 
the action of the drug 

In some patients the disease is much more resistant to treatment 
than in others Reports have been made of certain cases of kala azar 
that are uncontrolled b) any of the antimony preparations These cases 
usually go on to a fatal issue m spite of prolonged treatment over many 
months and death usually occurs through some complication Other 
patients show an intolerance for antimony apparently due to an idio 
syncrasy for the drug 

Some writers think that insuffiaently treated cases that have relapsed 
are then more resistant to antimony treatment but Napier is oppos^ to 
this view 

Cntena of Core — is important to recognize when the patient is 
cured and when it is safe to discontinue antimony Napier and Haider 
have found that a total relative dose of 3 gm about 30 injections in an 
average adult will effect some 80 per cent 0! cures and they believe that 
prolongation of treatment beyond this point will produce only a very 
slight increase in the rate of cure However as they found no evidence 
that a prolongation of treatment up to a hoait of about 6 gm is detn 
mental to health a very thorough course of treatment is desirable in 
private patients 
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Italy in children and so great eauttoa most be exercised if the external jugular is used 
particularly with reference to the sue of the dose 

It IS again emphasued that the solution should always be freshly prepared and 
perfectly clear after sterilization 


Method of Adomustratiaa — Since the introduction of antimony in 
treatment all possible methods of administration have been tried The 
intravenous injections are generally by far the most satisfactory Under 
certain circumstances intramuscular injections mav have to be employed 
and in some cases intravenous injections may cause se\ ere constitutional 
symptoms Intramuscular injections are superior to subcutaneous 
administration, as the latter almost invariably produces cellulitis which 
may lead to abscess formation 

Only the more recent pentavalent compounds are satisfactory for 
intramuscular injections Some preparations cause considerable pain 
at the time of injection, and others cause less pain at the time, but con 
siderable swelling and pain later The fever mav last for a week. 

The gluteal region seems Co be the most satisfactory site but the deltoid tausclci 
may also besuitable andrepeatedmjecuonsofo j gm of lb drug may be given Tbs 
amount may be given m J k- of a j per cent oluuoa For a child this dose mey be 
lulEcteatfyfarge to «£h:t a cure in to to is injections but for an adult it may be oecei- 
sary to give daily injections and to give at least ts of them before a cure is obtained 
Napier has more recently treated so cases intramusculatlv with o jgm of neostibosan 
u s j per cent solution m distilled water In only one instance out of about eoe mjec 
tions was there inflaremation followed by absce s 

None of the compounds that have been produced is suitable apparently 
for oral administration The tartrates are very irritating if taken la 
anything but minute doles and the pentavaJent compounds are appar 
cntly not absorbed Napier gave •• patients one gram of stibenyl a day 
for 14 days without obtaining any clinical improvement m cither case 
The unne at no time contained more than a trace of antimony 

Napier does not believe that rectal administration is successful 

Smyly (1927) treated 3 caves with rectal injections of tartar emetic 
0 04 gm increasing up to o 3 gm m 100 cc of normal saline The injec 
tions were well retained and antimony was found in the unne in all cases 
but the antimony was not absorbed m sufficient quantities to be effective 
However a few reports of successful treatment of children by rectal 
injections have been made 


Distuxbances Associated with Treatment by Pentervalent Compounds — Vomiting 
ts one of the most common disturbances The patient usually vomits within about 
to minutes after receiving the injection The vomiting may be preceded by giddiness 
and nausea If when premonitory symptoms appear the patient remains quietly 
ati stiahed actual vomiting is sometimes avoided Vrithstibosan Napier found this 
complication rare except when the mjectioiis were pushed beyond the usual maximuin 
dose With ureastibamine ammo stibuiea and neostibosao he found that vomiting 
occurred in approximately 10 per cent of the cases In cases which show a tendency tn 
vomit the dose should be kept down to about one half the usual matimuoi dose and 
the increase in amount should be made very cautiously 

Patients also sometimes sufler fionx diarrhoea whjch may become severe towaros 
the end of a course of treatment The patient may become collapsed and one of 
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solutions may cause severe late toxic effects on the liver kidneys or 
pancreas even after completion of a course of treatment The dose is 
I 0 milligram (o 001 gram) per kilogram of body weight (maximum adult 
dose 0 15 gram) every other day for 15 mjections Repeat this course of 
treatment only if cure is not obtamed and a/ler tnlmal of one month 
Some cases show fall of blood pressure and sjncope after first or second 
injection This may be prevented or relieved by injection of a small 
dose of epinephrin The administration of calcium and glucose during 
treatment may protect the liver from damage (From personal com 
munication Warrington \orke 1942) * 

General Treatment — ^The general treatment of the disease should 
be symptomatic particularl> so with reference to comphcations In 
patients who are dehihtated and show cardiac disturbances the admims 
tration of digitalis should be considered If however the pulse rate 
becomes unduly slow it obviously should be discontinued If the patient 
has come from a malarious district malarial infection should be excluded 
or quinine should be given dail> otherwise a malarial attack may occur 
while the patient is undergoing antimony treatment As malarial para 
sites are sometimes difficult to find in the blood in chronic cases of the 
disease particularly if some quinine has previously been taken the 
administration of a short course of quinine in native patients would seem 
wise 

No special recommendations need be made with reference to diet 
unless intestinal disturbances exist and the patient may m general be 
allowed to eat whatever he cares for provided that the diet is nutritious 
and he is able to digest it During the febrile periods of course only 
hght diet should be given 

The accompaD}ing anaemia ma> require treatment with iron and such 
treatment may be supplemented b> liver extract 

Treatment of Comphcations — In canctum oris there is little hope of 
curing the condition by local measures until the general condition of the 
patient improves Strong antiseptics should be av oided as the resistance 
of the tissues is lowered and the> are easil> destro>ed 

Cases comphcated with malaria or ankylostomiasis should receive 
specific treatment In China and in parts of India almost every patient 
has more or less severe infection with bookworm and the return of the 
blood picture to normal can hardly be expected unless iron is administered 
and as long as the patient harbors ankjlostomes Pneumoma is a fre 
quent and very serious terminal affection however a fair proportion 0 
the patients affected with it recover Sulfiipyridine and serum treatf 
ment should be considered when serum is available 

With reference to the treatment of disturbances caused by antimony 
injections these usually pass off when the antimony treatment is dis 
continued Sometimes the diarrhoea will require treatment with bismuth 
and opium The anaphylactic like symptoms are usually relieved by 
the administration of adrenabn Strychnme and digitalis may be neces 
sary to combat the collapse The janndice which sometimes follows 
treatment usually requires no speoal attention and disappears gradually 
of its own accord 

Najw (1943J m pointi g out the toncitv notes neuropathy subjective disturb 
"■*^Uon over parts of the I gem al ervearea m twenty cases 
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Rogers and Napier give as clinical cntem for discontinuing treatment the complete 
cessation of fever and its continued absence for a considerable period particularly li 
accompanied by a substantial gam u weight approaching nearly to the normal dis 
appearance of the spleen beneath the costal margin or reduction of it in size by several 
inches the disappearance of the leukopenia with increase of the total leucocytes 
Rogers advises that it is n ell to see the patient occasionally after recovery to make sure 
that no relapse occurs 

From the laboratory standpoint the performance of spleen punctures with cultures 
of the splenic blood and absence of the parasite both microscopically and after 3 weeks 
of cultivation aSord the most reliable evidence of a complete cure A simple micro 
scopical ezaimnation alone cannot be rehed on because very few parasites may be 
present particularly towards the end of recovery 

Although the aldehyde test often becomes negative after recovery as emphasized 
by LerebouUet Chabrun and Baize this negative reaction is not generally re arded 
as a very reliable criterion of cure Napier points out that the serum of a patient who 
has )ust completed his course of treatment and is cured very often still gives quite a 
strongly positive reaction Stnitbers in China regards the aldehyde test as of no value 
as evidence of a cure 

Lloyd Napier and Paul m the study of the secobgical control of the treatment of 
kala azar found that if treatment is effective the serum proteins resume their normal 
values approximately iso days alter treatment has been begun The high globuhn 
low albumin condition of the blood serum and total low proteins are believed by the 
authors to be favorable to the growth of the parasite 

Chopra Chaudhury and De have studi^ Ibe changes in the physical properties 
of the serum u cases under treatment with pentavalesl compounds and the relation 
of the foimol gel reaction The viscosity of the serum and the rate of occurrence ol 
gelation and complete opacity of serum under the loQuence of the formalin was observed 
They found that viscosity of sera does not decrease for about s months after treatment 
hat been commenced Tbe time of complete opacity begins to increase after about le 
to X5 days whereas the time of gelation increases after about ao to 30 days They 
suggest that the protein responsible (or gel formation 1$ not euglobulm 

Brahmachari has made observations after intravenous injections of antimony 01 
the antimony laden cells of the spleen of mice infected with Letshmama deiw am it 
was found that when metallic antimony was injected intravenously into healthy mice 
ft was picked up mside the spleen by cells that contained XeirAmania and an antimony 
compound developed inside the cells that killed the Leishmania In certain cells m tne 
spleen the antimony was found in a diffuse state probably the stage in which the solid 
£mely divided antimony is converted into colloidal particles before passing into complete 
solution Degenerated Leishmania were sometimes observed m cells containing par 
tides of antimony 

Stilbamadine — Recentlj favorable rejwrts have been made m treat 
ment bj the new preparation 4 4 Diamidmo Stilbene (See chapter on 
Trypanosomiasis Page 206) Napier has reported the treatment of 108 
cases in India 98 of which were cured after 8 injections Adams and 
Yorke and Napier and Sen (1941) have also reported good results from 
its use in India In the Egyptian Sudan and some adjacent areas 
leishmaniasis is very resistant to treatment with antimony preparations 
(Cole Cosgrove and Robinson (1943) and Mohammed Sati (1942)) 
British investigators have lecentiy zeported that antimony resistant cases 
show a good response to intravenous mjections of stilbamidme isothionate 
(4 4 diamidine stilbene isothionate) The drug must be used m a 
freshly prepared solution in 10 c c of sterile distilled water without 
The water must be neutral or very slightly acid (pH' * - 7 8) 
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For the treatment of post kala aiar dermal leishmaniasis Napier has 
found that the intravenous injection of antimony is the only treatment 
that has an> effect on the lesions In some instances the cases pro\ed 
refractory to treatment 

Kirk and Hamad Sati (1940) have observed a punctate cutaneous 
eruption m treated cases of azar in the Anglo Egyptian Sudan 
While the question of the influence of antimony in the development of 
the rash was considered m $ cases of 20 who did not receive antimonj 
during treatment the rash was also observed 

Brahmachan in an attempt to shorten the period of treatment of 
cases of dermal leishmanoid found that intravenous injections when 
combined with local inunction of the skm lesions with metalhc antimony 
gave more satisfactory results than those following intravenous treatment 
alone 

Napier believes that treatment should certainly not be withheld on 
account of pregnancy and that at whatev er stage of pregnancy the patient 
IS seen treatment should be commenced without delay He has treated 
a number of cases m pregnant women who have subsequently given birth 
to healthy children 

Splenectomy in general would appear not to be justified as a thera 
peutic measure m visceral leishmaniasis Cases which have been 
reported by Wylie De Souza and Olmer from Europe and Asia would 
indicate that there are few cures and a relatively high mortality due to 
shock 
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In India noteworthy centers of infection are Lahore Multan and 
Delhi and in earlier jears Manson ated that from 40 to 70 per cent of 
Europeans residing in Delhi sufiered from this affection which led to 
the name Delhi boil In the Punjab Mesopotamia and Asia Minor 
where oriental sore is most frequently met with kala aaar is rare 

In Asia and Africa the terms Aleppo boil and Biskra button are an 
indication of the prevalence of the affection in these localities in earlier 
years 

It has been reported by reliable observers that in Bagdad nearly e\ erj 
child IS attacked and that it is quite exceptional for any native to attain 
maturity without having had one or more of these sores and that every 
woman in Bagdad has on her face marks of the ravages of this disease 
In the western hemisphere the wnter has observed its prevalence in 
Brazil and Peru It also occurs frequently m Guiana and Paraguay 
Cases have been reported from everv country of South America except 
Chile and Patagonia 

Da Silviera and Pupo in Brazil have particularly emphasized its 
prevalence Da Silviera found that o per cent of 15 000 patients seen at 
SSo Paulo were infected Pupo repotted that xj per cent of the patients 
in the hospital for venereal and skin diseases in Sao Paulo during 1914 
were under treatment for leishmaniasis and by 1919 the figure had reached 
48 per cent its prevalence affecting the labor conditions 

Fuchs (1939) also found leisbmamasis with great frequency in Sao 
Paulo and in Bolivia 

However in parts of Amazonia it is not nearly as frequently seen as 
It IS m the Andean regions farther to the west though Walker Shattuck 
Wlieeler and Strang Da Malta and Chagas have reported cases Cases 
have also been reported in Argentina Paraguay Central America and 
Mexico (Dernascom Migone Darling and Connor Chacon Seidelm 
Shattuck) 

In the United States only sporadic cases of oriental sore have been 
observed in individuals who have returned from endemic regions 
Andrews reporting a case also ates pother instances which were encoun 
tered either in the Umted States or in Canada 

History — Oriental sore or Aleppo boil has been recognized and 
described since the latter part of the x8th century Russell (1756) and 
later several other physicians found it to be endemic in Aleppo and gave 
accounts of it under the name Aleppo boil 

Ilirsch (1886) has given a most interesting account of the history of 
the affection and of its infectious nature He points out that some of the 
earlier experimenters such as Polek Groschl \andyke Carter and 
Wortabet who had tried the experiment of inoculation on themselves 
did not succeed in producing ^e disease and therefore pronounced 
against its communicability Others hke Fleming (1868) Weber and 
Murray who had also experimented on men (Fleming on himself) 
obtained a positive success and it was beheved that there was no well 
grounded doubt of the commumcability of the boil 



Chapter VI 

CUTANEOUS LEISHMANIASIS 

Synonyms — Oriental sore Bouton d Orient Bouton de Biskra, 
Aleppo Bagdad or Delhi boil Espundia Uta Bubas Forest yaws 
Chiclero ulcer American Leishmaniasis 

CK<a«eoiis leishmaniasis or oriental sore may be defined as a specific 
nodular affection or circumscribed ulceration of the skin or mucous mem 
hranes of exposed parts caused by Leuhmania tropica It is endemic in 
many tropical and subtropical countries in various parts of the world 
The nasopharyngeal or oral forms occur particularly in a number of forest 
regions in South America and have been described by some writers under 
the term American leishmaiuasis Numbers of imported infected cases 
have been observed in the United States The condition is inoculable 
and may be conveyed by direct contact between infected and healthy 
mdiv iduals The Sergents and Adler and Theodor and others have shown 
that the infection may be transmitted also by the inoculation of crushed 
sandflies Phleiotomus which contain the flageUate forms of the parasite 
and there is considerable other evidence which suggests that natural 
infection of man may occur through Phlebolomns 

History and Geocrapuical Distribution 
Geographical Distribution and Prevalence — The disease is epidemic 
in many tropical and subtropical countries in both the Western and 
Eastern hemispheres It occurs especially in certain localities in south 
east Asia from Asia Minor Syria Palestine Armenia Mesopotamia 
and Arabia Persia the Caucasus the southern part of Russia Turkestan 
eastward to the Punjab and northwest province of India as far as Cambay 
near Bombay In China it has been found especially in Hunan 

It IS also very common m the Mediterranean littoral and adjacent 
territory Asia Minor Syria Palestine In Africa Morocco Tunis 
Algiers the Sahara Egypt the Sudan Abyssinia the French Congo 
"District) Diiftiict ol Lake Cbsd and Nigeria are endemic areas 
On the West Coast it has also been reported to be not uncommon as far 
south as Angola 

In Europe the disease is endemic m the Mediterranean Islands ot 
Sicily Cyprus Crete and Sardima and m recent years it has been intro 
duced by returmng soldiers or immigrants into southern Italy Spam 
and Greece In Italy Vanni (i()38) reported an outbreak in Abruzzi 
and Monti and Pozzi {1939) have observed a large focus in Forli Italy 
In one municipality 60 cases were found Cases have also been reported 
in the south of France 
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differences between Leishmarnt braalutuu and Leishmanxa tropica can 
be found either in the fonns m the tissues or ip cultures nor can any 
differences be demonstrated by experiments upon animals It is also 
doubtful if they can be distinguished bj secologic^ tests It would appear 
that in much of the earlier workindiflcrcatia'Kin by the agglutination test 
the experiments were not fully controlled The details of such expert 
ments have been given m the consideration of the etiology of kala aear 
where the most recent work is referred to Da Cunha (1940) believes 
L vtjanlum and L ehagast are identical as shown by inoculation of 
hamsters monkeys and dogs and serological tests However it is by no 
means certain that only a single type of organism causing cutaneous 
leishmaniasis exists and for chnicai and epidemiologital reasons it may 
be advisable to retain the term L hra liiensts 



Pio ti ~Sm 4r If m e ert 1 %tn inon ngLe hman * >. 100 i?f m M»jf > 

Thomson and Balfour (1910) described a type of cutaneous Itish 
mamasis in the Sudan in which the lesions were nodular and showed no 
tendency to ulceration Although the oigamspi was morphologically 
indi ttnguishable from Ltishmgmo iropica Brumpt presumed the disease 
was distinct from oriental sore and proposed for the parasite the name of 
However subsequently the writer observed a some 
what Similar cutaneous lesion in Amaaotua and also N-pier and others 
hive dcsaibed such lesions under the term of post kala azar dermal 
leishmaniasis hence the name Leishmanxa otloltco should be regarded as 
a sv nony m 

The close resemblance et Lctsin n »#/«(« letsimifio Jenotjiii ted Vfaosaa to 
suggest that tbe rtliuoash p between erieaul sore eBd kala-azar ought be compared 
lo that of vaccinia and vanola HeclMba ed tbis vie« upon jfae imroumty produced 
by one attack of oriertat io»e aga n»l fnither inlecti ni of the same disease and upon 
the well recogn red dissimdanty u» the d stnbabon of ikc two conditionj lo fndia 
for example in tie local ties m wkicb k»U axai tscommoa oriental sore u rare 

Nii-o'!e and tanceau* reported in eapentorat^ tooakeys and do s that an animal 
which had recovered from oriental acre waa immime lo this condition but not to kala 
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Seriziat as earlj as 1875, andLaveran m 1880 suggested that it might 
be communicated by winged insects 

With reference to the American or nasopharyngeal form the disease 
as uta has apparently cTisted m Peru since prehistoric times (Tamayo 
Palma) 

In 187s Van Dyke Carter thought that a fungus was the cause of the 
disease while m 1886 Riehl described as the cause a capsulated micro 
coccus which occurred particularly in the cytoplasm of large epithelioid 
cells 

The parasite of oriental sore was first definitely discovered and 
described by J H Wright in 1903, m the study of an ulcer of a child in 
Boston the patient having come from Armenia where the infection was 
presumably contracted Wright named the parasite Helcosoma iroptcum, 
suggesting that it was a protozoan, and allied to the microspondia 
Subsequently it was recognized that the parasite was a species of the genus 
Letskmama and the correct name became Leuhmanta tropica When 
the parasite was cultivated by NicoUe m 1908 further confirmation of its 
zoological position was obtained The possible observation of this para 
site by other investigators, as Cunningham Marzinowsky and others 
has been considered under the heading of the description of the etiologj 
of kala azar p 234 

In South America Lindenberg (1909) and Canm and Psranhos (i9®9) 
reported finding leishmama m ulcera de bauni of the skin in Brazil 
and Splendore (1911) found the parasite in one type of buba brazihana 
with lesions in the mouth and nose Escomel (xpi t) also found the para 
site in espundia while the Harvard Commission in Peru (1913) found 
leishmaiua apparently identical with Leishmama tropica m the lesions of 
uta Nattan Lamer and Touin (1909) also found Leishmama in an ulcer 
ating lesion of the skin in Guiana termed pian de bois 
Etiology 

The parasite of oriental sore Leishmama tropica cannot be distm 
guished morphologically from Leishmama donovani See Fig 54 The 
morphology of the latter parasite has already been described m detail 
on p -’36 and will not be repeated here In many cases of infection with 
Leishmama tropica m South Amenca the lesions are limited to the skin 
as is generally the case in Asia and in European endemic areas Howev er 
in a number of cases m South America the lesions involve only the naso 
pharyngeal mucosa Such mucous or mucocutaneous lesions are often 
verv severe and extensive For these reasons certain writers have referred 
to the nasopharyngeal forms under the terra American leishmaniasis and 
it has been suggested that the parasite m such cases is perhaps not identical 
with Leishmama tropica 

From 1911 on Vianna Escomel Rebagliatti Laveran and Nattan 
Lamer Velez Chagas and others have described these forms of the disease 
and have suggested various names such as Leishmama bra iltensts 
L ehagast and perunana for the causative orgamsm No morphological 
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probable that Letskmania tropua grows more vigorously and luxuriantly 
However there is much variation with different strains 

To obtain cultures from an onental sore it u advisable and often necessary to secure 
matenal free from bacteria though it has been sometimes observed that Letshmanta 
Iropua will flourish more readily in the presence of contaminating micrococci than will 
Ltishmamadonovant In ulcerating var et es this often can be done by carefully stenl 
umg the skm at the edge of the ulcer with iodine or other antisept c making puncture 
with a needle or sharp knife and drawing ofi material by means of a sterile pipette 
This IS then blown into the liquid at the bottom of the tube of NNN or other suitable 
medium Flagellates if present may be detected in the lubes in from 3 days to 3 weeks 
according to the number of organisms introduced 

Epideuiology and Ekdemiology 

Although onental sore may occur m countries where kala azar is 
endemic its distribution in a number of localities is quite distinct as ma> 
be seen b> comparing the geographical di^lnbution of the two affections 
already outlined It has been emphasized that in India cutaneous leish 
maniasis is confined more to the western part of the country whereas 
kala azar is particularly endemic in the eastern portion Also kala azar 
IS rare in Mesopotamia and Asia Minor where oriental sore is most fre 
quently met with Manson Bahr points out that in North Africa oriental 
sore generally occurs north of latitude 35 whereas kaJa azar is found 
south of this line 

In China in the endemic areas of kala azar cutaneous leishmaniasis 
does not occur or is very rare and the same is true in the kala azar areas 
of the Sudan Thus there appears to be no connection with the existence 
of the one disease and the prevalence of the other According to Archi 
bald Turkestan southern Italy and Sicily represent exceptions for 
cutaneous lesions and kala azar in these countries are endemic in the same 
areas 

In tbe endemic areas onental sore bke kala aaai seems to have a seasonal prefer 
ence making its appearanceui many locaktiesbetween September and January (Manson 
bahi) In Turkestan Archibald says tbegrcaterntiiDber of cases occur m the months 
of July and August In Sio Paulo according to Da S I lera it appears only m the late 
summer and autumn months wb le m Rio de Janiero Cerquiera r ported an epidemic 
from May to August In the forested regions of South America it prevails particularly 
m the ra ny season In India bowe er Patton points out that it appears particularly 
in the provinces with a colder climate and during the cooler season of the year In 
Greece Higoumenakis says it appears almost regularly after the end of summer towards 
the months of September and October mote nrelyr from November to February while 
after January and February new cases ate not obs rved Mills and Machattieempha 
sire that in Bagdad both m hum n beings and in di^ the early lesions begm to make 
the r appearance in September 

If one estimates the incuhaton perod as about a or 3 moijths the season in 
which the mfecUoTV takes place may be estimated as in J nt or July ot the season in 
which insects (PUf^D/oCTiu) are often most abnnd nt However theincub ton period 
isvery anab! andmaybe from comp lati elyfewdayiloafew monthsorevenlonget 
In c rtain localities where the d sease is very common chJdren usually acquire it at 
an early age particularly wh n about 2 or 3 ye ta old Great van tions however 
oceut in the frequency of the disease In the « denuc centers 
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at4f tvbil* one ■Jiliifh recovered fcoin kala tat v-ts imreunc to botb Patton also 
recorded aa instance ot a ^tient who eoatracUd lala arar after iiavtag recaveted fcam 
onental soic If the parasite of kaU a*ar ts identical wsth that of oriental »re tie# ft 
must m some way have been deprived of its virulence for kala war is often a fatal 
disease and oriental sore is emmeatiy bemgn 

in view oi liiese farts Mansoti su^csted that uioctilatwn mth cultures of 
jBoaia Sr»pico might confer a protection Against siihsequent loftttion with kaJa aar 
and that this method might be used as a prophylactic Madsod Gabr suggests that tins 
has to a certain degree proved to be tree since KiCoUe has reported some amount of 
immunity to generalized leishmaniasis in dogs and monkeys by in;ecting then 
cultures «f Ituhmania trfptca 

We0>on points out that the distnbutton oi kaJa azar and oriental 
sore 13 against the view of the identity of the two parasites, X.euZrjnfl'wa 
iropica and L^ishmanta (foMoturrii, though undoubtedly many arguments 
could be raised in suppotl of their inclusion in a single species 



Fio 65 — riageUate lofins of LewbniaAtA obtained m culture frem a '^•se 
(Harvard Eaped 1 on to South Arne ea tgis) 

It may sometimes be difficult to differentiate ieufemaino from cectatn 
blastomyces These blastomyceo often stain iti a manner closely resero 
bling Leiihmaim 

The viTittr first pointed out tiusfsctiniQofiuiAdescnptioaof tbe etiology of 
ulcerations of the skin when ceporting a case of human infection due 
farciminatus the organism of lyopliAt^itis epuootica Rocha l-'ma (15**' 
quently drew attention to this source srf error and poinfed out that the organi 
desenbed by Darling in Pinawia as a IVotoroan under the naow o! If ide/wrrea 
latum was m JtaUty a yeast like one from a case of blastomycosis To one 
with both leishoiania and blastomyces however there should be no dsfScuily w mn 
entiatioa from a morphological staac^omt ruethetmore cultures will at oace re 
the difference smee in the case of hiaatomy^osis budding forms will he observed 

Cultivation —Ltuhvama troptco grows m artificial media as readilv a* 
Leuhmattta donirtin\ Cultures of Uuhmoma tropica afC also siitufat 
to those of Leuhmam^ donovant though m some instances it seem 
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The relationship between the human visceral and canine leishmaniasis 
IS discussed on p 241 of this volume 

Susteptibili^ of Animals to Leishmania Tropica — NicoUe and 
Manceaux (1910) first showed that dogs could be inoculated successfully 
in the skin with Leishmanta tropica and that local cutaneous lesions con 
taimng the parasites resulted Dogs may be inoculated with matenal 
containing the parasites taken directly from human cases or by cultures 
Laveran found that dogs which had recovered from a first infection could 
be reinoculated but a second attack conferred an immumty against 
reinfection Mills Machattie and Chadwick have shown that in general 
the histological structure of the lesions which occur in dogs are similar 
to those found m man 

In addition to dogs cats monkeys rats mice and guinea p gs may be infected 
with I^ijAmsnia irapiea Machattie and Mills have reported 3 cases of natural mfec 
tion m the cat and have also encounteredi it m a brown bear kept m captivity in 
Iraq It bas already been pointed out that 10 mice intraperitoneal inoculations may 
Ksult in geaerabaed lofections resembbog la many respects the eenditioas produced 
by the laoeulatioa of Lt jAmcnie itnotont 

Gupta found that when Ltiskman o t #pic« was lajected intrapentoneally into a 
mouse a nodule resulted at the point of injection in addition to infection of the viscera 
a d that when the organism of dermal leishmanoid was injected intrapentoneally 
a visceral infection alone was produced However he thought that the growth of 
Uukmen at epiea was far more r pd and luxunant than that of tbe parasite of dermal 
leishmanoid 


Transmission 

Direct Inoculation — It has been recognized that second attacks of 
oriental sore are not liable to occur and particularly for this reason the 
Jews in Dagdad and Mosul in early years are said to have inoculated their 
children on the body or arms with matenal from a sore in order to protect 
them from the development of a lesion on the face with the resulting dis 
figurement from the scar Some of the earlier attempts at inoculation 
of the disease have already been considered under History p 293 Such 
results were of course unconvincing since the parasite causing the disease 
bad not been discovered 

However definite evidence of the tiansferenw of the parasite from 
man to man was first produced by Marzinowsky (1909) who inoculated 
himself parasites being demonstrated in the lesions which first appeared 
70 days after the inoculation 

Nicolle and Manccaut Wenyon Patton Boniliiez Adler and Panja 
ha\ t demonstrated the inoculabiUty of cultures of Letshmama by infecting 
either themselves or human volunteers with oriental sore by this method 

Montenegro in Brazil demonstrated that the South Amencan form 
was also inoculable and that the infection could be transmitted from sick 
individuals to healthy ones and also that the affection was auto mocu 
lable However the inoculations of leishmama cultures into an already 
infected person resulted negatively 
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While children "ire so commonly attacked ui certain badly infected 
endemic areas as statistics eonclosivelj demonstrate, it is queatwnable 
to what extent age is a predisposing factor Canaan suggests that in 
Aleppo children with more delicate sbns than adults arc more susceptible 
However children are more likely to be etposed both to direct and indirect 
transmission of the infection, and after having had the disease in child 
hood acquire immumty to infection in later life 

Oriental sore apparently affects both sexes equally The effect of 
occupation as a predisposing factor js sometimes seen particularly m 
the Western hemisphere where the disease is more commonly observed in 
those nhose occupation necessitates residence m or adjacent to tbecountr} 
where there is dense vegetation Hence, it is more prevalent in forest 
laborers gum collectors chicicros and workers in yerba matd plantations 
In such locahtics the disease prevails particularly among adult males as 
females are apt to be scarce in those places In the endemic areas all 
races and social classes may be affected and robust individuals as well as 
debilitated persons may be attacked as are visitors and tounsts 

At times oriental sore has appeared almost in epidemic form as in 
early > ears m Biskra and certain regions of central Asia and more recently 
m Paraguay among the forest laborers 

Canaan m explaining the increased incidence of oriental sore in 
Palestine considers that no cause other than the sandfly is responsible 
for the infection and explains the fact that in Aleppo oriental «ore is much 
more common than m Jencho by the greater incidence of infected sandflies 
in the former locality The fact that in 7S 5 per cent of the cases the 
eruption first appeared m the summer months while m the remaining 215 
per cent it appeared in the autumn or early winter is explained by the 
theory of sandfly transmission for m Jericho these flies do not occur or 
are very rarely seen between the end of December and the beginning of 
April He observed that people who msU Jencho m the daytime only 
do not as a rule become infected 

Onental Sore in Dogs — Onental sore as well as kala azar occurs as 
a natural disease in dogs Leisbmania have been demonstrated m the 
cutaneous lesions of dogs and in Persia also in the visceral organs The 
disease has also been experimentally induced The parasite found in 
camne lesions called Letskmanta canu is however serologically identical 
mth Letshmama dono ant (Chodukin and Sofieff) and the experiments 
of Adler and Theodor seem to prove conclusively that there is a cutaneous 
leishmamasis which is common to man and dog Mills and hfachattie 
have pointed out that m Bagdad the human and canine diseases are com 
monly found to be endenuc m the same areas 

The relationship of the dog to human leishmaniasis has been discussed 
under the transmission of kalaazar Smton (1939) has been able to 
produce oriental sore m a European whom he inoculated with fluid con 
taimng Leuhntania from an ulcer on the nose of a dog in the Punjab 
Another volunteer was inoculated from this European who also dev eiopen 
a papule m which Leiskmama were found 
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Adler and Theodor as early as 1925 found in Palestine in Phlebolomus 
papalassn numerous Leptomonads in the whole extent of the alimentary 
canal including the oesophagus and diverticulum The flagellates were 
inoculated into the skm of a human being Thirtj fiv e days later a small 
papule had formed and in it Letshmanta were found 

They also produced oriental sore by inoculating flagellates found in 
Phlebolomus papatassii into other human volunteers and observed that 
other flies feeding on the sores themselves derived parasites from them 
In a (uicber study o( the d stnbution of onentat sote infantile Lala azar and of 
sandflies in Palestine Mesopotamia and Syria Adler and Theodor found that both 
experimental and epidemiological evidence > d cated that both PI I bot m s papatass 
and Phlebolo n serienli are the earners of the parasites of oriental sore In Bagdad 
Phleb I m s sergenli was found to be the mam earner In Je usalem and Bar Ebas 
PkUbotomus papalassn appeared to be the sole earner In Aleppo the evidence indi 
cated that both species transmit the d sease 

From further work they concluded that /om could be excluded 

as an important vector m Catania Sicily yiMe PUebelaaus pernsetasus which gave a 
h gher infection rate after the ingestion of relatively lew parasites should be considered 
as the important earner of kala arm Italy They also found that Pllebotom t 
ptrnutesus infected itself w tb ^ Imaitia by ingesting skm ju ces of nfected dogs 
during the act of biting Adi r and Theodor have also demonstrated the exit of 
Lt shman a tn/anlum from the proboscis of PM Mam s permciosus 

More recent work has been performed by Adler and Bet (loat) m which Sandflies 
(? papatass ) were 1 fected with Let hmama trapieo by feeding through a membrane 
on a suspensi n of the flagellates in a auiture of saline and dehbnnated rabbit blood 
These flies were taken out from time to time and fed on susceptible volunteers to the 
number of 5 all of whom became infected with oriental sore In 3 more then one 
tore developed 

Laveran (tSSo) first suggested that oriental sore might be due to fly 
transmission and that flies feeding upon infected dogs carried the organism 
on their feet and proboscides and so gave rise mechanically to infection 
It is highly probable that the house fly which may swarm around the 
exposed sores especially in children may sometimes carry the virus on 
its feet or proboscis to abrasions of the skm of another person The tessk 
manta may also pass rapidly through the gut of the fly and be deposited 
upon the skin with the dejecta as sometimes occurs with certain other 
protozoa Thompson and Lambom (1934) show that transmission is 
particularly likely to occur mechamcally by the species ^^usca speclanda 
Wenyon also showed that Slomoxys is capable of taking up Letshmanta 
from a sore but no development of the parasite takes place 

Berbcnan (1938) emphasizes that while it is conceivable that infection 
may be accomplished bv crushing an infected sandfly at the sile of the 
bite the likelihood of this occurnng he thinks would appear to be rather 
remote He also points out that cntical expenments designed to demon 
strale the transmission by the bite of the sandtlv have regularly failed 
lie has carried out experiments especially utth Slomorts eakt/rans (stable 
flies) at various times Seven Slomoxys calcUrans were allowed to bite 
on an onental sore and then immediately transferred to an area of skm 
on the thigh of the volunteer In all 7 fltes inflicted ii bites Five to 
6 months later a papules appeared m Uie bitten area and in the first of 
these Letshmanta were found He suggests that transmission of oriental 
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\\enyon showed that the viras does not appear to be able to pass through the healthy 
skin Material from a sore was placed on the skin and allowed to dry naturally but 
no lesion developed at this spot though at another spot where the skm was scarified 
a typical lesion resulted This fact has been amply confirmed by many writers 

Numerous instances have been noted of individuals who have developed oriental 
sore at the site of some wound or abrasion of the skin and it has also been noted that a 
person with one sore may infect himself automatically by scratching on other portions 
of the body All of these results would seem to indicate that natural infection may 
occur from time to time by direct contact with a person suffermg from oriental sore 
The occurrence of multiple cases in families which sometimes have occurred one after 
the other has been reported by numbers of mvestigators and also indicates the great 
probability that natural transmission of the infection may occur through direct contact 

Laveran and other authors erophasue that infection of the healthy may occur from 
the use of linen and other such articles which have been used by individuals suSenng 
from oriental sore However there is no evidence that any forms of ieiJAmaKiJ resist 
thorough drying 

On the other hand Parrot believes that transmission of oriental sore by direct con 
tact is unlikely because the Leuhnuma as they ccist in the infected tissues are immobile 
and in no way capable of penetrating the intact skin lie admits that oriental sore 
may develop on the site of a traumatism but says if this were a common mode of trans 
mission the lesion would occur most frequently on that part of the body most exposed 
to slight traumas le the hands and fingers Butin 49 cases of oriental sore observed 
m Algiers (Biskra) lesions were found on the hands in only 9 or less than 4 per cent 
If direct contagion were the common method of spread of oriental sere it would show 
no seasonal incidence but at Biskra there is a definite seasonal incidence Parrot is 
of the opinion that direct contagion cannot be assumed to be a common method of 
infection in oriental sore unless it can be shown to occur frequently in areas where the 
Pklebelamus flies are not present or are found only in insigniDcant numbers 

It must be admitted that oriental sore when introduced into certain localities 
shows no tendency whatever to spread ^^bether this is dependent upon some meteoro 
logical or climatological condition or upon the absence of some transmitting insect 
has cot been conclusively demonstrated Thus oriental sore has been very frequently 
introduced into France but it shows no tendency to spread to any extent there 

Transmission by Insects Sandflies — It has long been suspected that 

sandflies are concerned in the spread of the disease and there is much 
evidence that several species of the genus Phlebotomus are involved in its 
transmission These flies were first suggested as possible vectors by 
Pressat (1905) while the evpen/neDts conducted by Uenyon (1911) 
Aleppo the Sergents Parrot Donatien and Beguet (1931) m Algiers 
b> Aragao (192 ) in Brazil Adler and Theodor {1924-193 ) in Palestine 
and Jerusalem and b> Laveran and Franchini (1920) in France have 
given much support to the view that Phlebolomus may transmit the 
infection 

In South America instances are recorded of tropical sores developing 
at the sites of bites oi Phlebolomus Aragao (1922) found Herpetomonas 
in some wild Phlebolomus tniermedius in Rio de Janeiro where local out 
breaks of the disease had occurred He fed 5 of these flies on espundia 
ulcerations and later found similar flagellates in them An emulsion or 
the flies was then inoculated into the nose of a dog and an ulcerating lesion 
developed three months later m which Letshmania were found Sequiera 
(1023) also reported s cases of Amencan leishmaniasis following the bite 
oi Phlebolomus lut i (P tnlermedtus) 
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hence these experiments do not give any fuitlier evidence tbit the tick should be 
regarded as the transmitting agent m nature The mere presence of Lnshmama is not 
proof of transmission Malamos (1938) has also found in experiments performed with 
ticks attempting infection from hamster to hainster that all failed Ltuhmanta 
merely survived in the ticks in the gat tor varying periods of time 

tXTHOMW't 

The gross pathology of the conditioa vanes with the stage of the 
infection and the pathological histology also changes with the course of 
the disease The pathological changes are obviously somewhat different 
in the papular and ulcerative stages In the papular stage there is an 
infiltration of the corium and its papillae with plasma cells lymphocytes 
and large endothelial macrophages Frequently there is thinning and 
atrophy of the overlying epidermis 

The histological appearance in the early stages is that of granulation 
tissue As the lesion progresses there is an increase of penvascular infil 
tration and polymorphonuclear leucocytes become more numerous 
Most striking is the appearance sometimes observed of focal accumu 
lations of endothelial phagocytes (clasmalocytes histocytcs or reticulo 
endothelial cells) These cells arc frequently swollen and contain large 
numbers oi Letshmatna After the lesion has become crusted and ulcer 
ation has formed upon removal of the crust usually granulations are 
visible in the floor of the ulcer and there is considerable inflammatory 
reaction at the periphery In this stage (he cellular infiltration extends 
deep into the conum and subcutaneous connective tissue In addition 
to the endothelial phagocytes plasma celts and lymphocytes occasional 
giant cells may be seen After ulceration polymorphonuclear leucocytes 
are usually very numerous The Ltithmanto are frequently difficult to 
find in the ulcers and may only be encountered at the margin of the lesions 
or in scrapings of the fioor of the ulcers 

In the later stages when the Lttshmama have disappeared or become 
very scarce there is a greater increase of fibroblasts and of fibrous con 
nective tissue with deposition of collagen fibrils as the lesion heals 

In the Mediterranean area and in Asia and Africa ulceration that 
results is usually compatalwely superficial Leisfcmomo tropica does not 
commonly cause suppuration and as the writer has pointed out 
the micro organisms of the genus Leukmania cannot in any sense be 
termed pyogenic although they all have the power of causing extensive 
endothelial probferation Even when present in very large numbers in 
the 111 er and spleen Lctshmanta donotani does not giv e nse to suppuration 
Only when the mucous membranes are attacked and destroyed by Leish 
manta iropica as m nasopharyngeal leishmaniasis Vihete bacteria arc 
almost inv anably present do the lesions assume a more sev ere and chronic 
character 

In these situations it seems probable that the lesions are extended and 
modified particularly by the various bacteria that are present and that 
develop in them particularly staphylocm and bacilli In one instance 
observed by the writer in Amazonia in which there was marked destruc 
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sore by means of stable Hies is possible and m view of the ease of transmis 
Sion that this method ma\ occur frequently under natural conditions 

Other Insects — Have been proposed to be concerned in transmission In earlier 
years bed bugs were regarded as capable of transmission of oriental sore The evi 
dence with reference to the bedbug m Irali aaar has already been discussed p 148 
Blacklock and Louiie have shown that viable forms of Letshmsma tropica may be 
passed in the bedbug up to 35 days in the faeces of artificully infected bugs of the species 
Ctmex UctuJanus ^\enyon however emphasizes that no host can be regarded as 
being conclusively incnnunated in the transmission of Letshmama tropica or any other 
parasite until the infeclion has been actually transmitted by it Adler and Theodor 
point out that the behavior of both Lenimania donovani and Leishmanta tropica in 
the bedbug is quite different from their respective development m Pkitholomus arienttpts 
and Phltbotomus papalatsii In the bed^g there is no tendency for the dagellates to 
ascend to the cardia or pharynx 

ith reference to fleas W eayoti and Laveran secured no evidence that these insects 
n ere in any way concerned in transmission Patton also could obtain no evidenceof the 
development of Letshmama Iroptca in Pejicutiu 

Hippoboscidae — Cachet observed that the dogs of Teheran were frequently infected 
heavily with Htppebosea camna In examining a fly which had just fed upon a sore 
on the face of a dog Letshmama were found in the blood m its stomach Cachet has 
suggested that the frequency of cutaneous leishmaniasis of dogs in Teheran may be 
due to the prevalence of this fly 


This IS of some interest in connection with the transmission of cuta 
neous leishmaniasis (bay sore) m Yucatan especially among the chiclero 
workers Shattuck and Bequaert point out that it can hardly be doubted 
that some biting insect is the transmitter but that no experiments have 
yet been published showing which particular species is involved There 
IS much local opinion m Yucatan and northern Guatemala incriminating 
the Hy of the ocellated turkey or of the bare throated guan 

Farfan has suggested that Olfersta coriacea may be concerned in the 
transmission and it has been stated that leishmaniasis has been trans 
nutted through its bite Shattuck and Bequaert however point out 
that it seems more likely that in Yucatan as elsewhere in the New World, 
cutaneous leishmaniasis is transmitted by one or more species of Phlc 
botomus Bequaert also says that Hippoboscidae as a rule are not prone 
to bite man after leaving their normal host though there is certain evi 
dence to the effect that some European Hippoboscidae will bite human 
beings 


\ aa Thiel has called attentwii to the possibility of the transmission of American 
leishmaniasis by the patatta mite Trombtciiia /«o In South America the transmis 
Sion of the infection by ticks has long been suspected Although Weiss Escomel and 
Ribeyro and Bambaren have debated the possibility van Theil after considering all 
the evidence states that he does not believe that the patatta mite is concerned in the 
transmission of leishmaniasis in Sunnam 

With reference to the transmission of American leishmaniasis Brumpt tliink.3 me 
fact that dogs are susceptible as well as monkeys to inoculation with the parasite and 
are often bitten by ticks without the production of the sores is against the view that 
ticks act as the transmitting agent 

Tn the discussion of the transmission of visceral lei hmaniasi it was noted tnai 
Letshmama will survive for about two weeks in larvae and nymphs of Rhtptcepkalus 
aniuintM However they will even survive for longer periods m the bed bug and 
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may undergo fibrosis In the late stages the accompanying endarteritis 
of the neighboring vessels leads to extensive ulceration and necrosis The 
Lttshmania when present in the lesions were almost constantly situated 
intracellularly within endothelial cells They believe that the continuous 
spread of the lesioias throughout the nose and to the pharynx was in all 
probability related to the lymphatic drainage of these parts and that 
the lymphatic channels play an important role in the local spread of the 
disease They add however that the manner of development of the 
lesion of the nose suggests a metastatic distribution from a primary ulcer 
on the arms or legs 

Buss suggests that parasitic foci originate from the blood vessels 
which are of importance from Ihepoint of viewof the character and course 
of the disease and may account for the invasion of the mucosae The 
formation of tuberculoid tissue was seldom seen by him and he regarded 
It as a less important feature than in ordinary cases of oriental sore In 
the late stages of the American cases disease tissue resembling tubercles 
sometimes occurred while in about one third of the cases giant cells were 
found However Ltishmama were not found in a number of the cases 
he reports or m 3 cases of the disease studied by Fox 

Portugal m the study of Brasilian cases emphasued that the exact 
histological picture changes with the course of the disease and subdivides 
his cases into the ulcerating and non ulcerating ones There is usually 
no marked resemblance between the lesions of the nasopharyngeal cases 
and those of lupus vulgans 

The lymphatics and glands draining the infected regions however 
not uncommonly show infiammatory cJianges in cases of leishmaniasis 

Immunity — The natural infection of man with oriental sore produces 
a rather lasting immunity and the tact that one attack usually protects 
has led parents in certain localities as Bagdad to inoculate their children 
on the extremities to protect them from the scars and disfigurement of 
sores which might develop on the face Laveran as noted found that 
dogs which had recovered from a first infection were reinoculable but a 
second attack conferred an immunity against further infection Moses 
with a culture of Lrvs/imomo employed the complement fixation test for 
the diagnosis of cases of South Amencan leishmaniasis and believed that 
an immune reaction could be obtained in 80 per cent of the cases 

ttaggener Jcsiner tmster Atontenrgro Russ and daCunba have also studied the 
cut nenus re ction as a means of diagnosis and believe that it may be of value in a large 
proportion of the cases 

P rrot m ref rnng to the fact that one attach of cutaneous leishraanusu confers 
an immunity that is usually Iasi g has cons dercl the proposal c{ vaccin ung against 
ths disease IIo e cr m employing a antigen fiom infected tissues be was cot sue 
cesslul in proteclitg roonkeys from nfecUon 

Kurotchkin in attempting to immunue hamsters against ZeiAmo j ianeva t 
found that vaccines prepared from flagrilates and non flag Hate forms of Lttsh-utiu 
did n t protect the a mal against infection but tended t rend r them even more 
suscept b1e to inoculation lie bel eve* susceptibility of hamsters was absolute and 
the i fection m ght occur e>ea when very few parasites were injected. 
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tion about the nares Baallus mucosus capsutatus was present K.!otz 
and Lindenberg who studied 15 cases of leishmaniasis of the nose in 
Sao Paulo also remark that the tissue reaction due to the parasite never 
causes a purulent inflammation such as occurs with Blaslomyces and 
Acttnomyces Fox has also noted the occurrence of other organisms in 
symbiosis with LeiskmaHta in certain cases 

The presence of diplococci in oriental sore was first pointed out by 
Riehl in r886 and in the same jcarLoustalot and Leloir cultivated a micro- 
organism which they thought at first was speafic Subsequently numer 
ous other inv estigators reported cocci as of significance in connection with 
the etiology or as complicating the disease 

Anas and Rosa state that by means of roentgen raj photographs 
they hav e been able to demonstrate that cutaneous ulcers due to Zrwf' 
manta are liable to produce a condition of osteitis m the bones which he 
beneath them They do not however emphasize the question of sec 
ondarj infection with other micro organisms than Letskmanta in such 
pathological changes of the bone Mazza and Cornejo (1935) have also 
observed two other such cases with osteitis of the metacarpal bones 
beneath the lesion 

Vlce/alions of tiie mucous membranes show histologically complct* 
disappearance of the epithelial layer often with coagulation necrosis of 
the surface tissue There is usually a fibrinous leucocytic exudate form 
ing a false membrane beneath which there is a dense cellular infiltration 
m which large endothelial phagocytes polymorphonuclear leucocytes 
plasma cells and fibroblasts are found lying in a vascular stroma of fiue 
or coarse connective tissue The lymphatics and capillaries are often 
dilated the latter sometimes being occluded by red cells The Leishmami 
may sometimes be found present at the periphery of the lesions within 
endothelial phagocytes However in cases of long standing where 
secondary infections with bacteria have occurred theiew^monioare very 
scarce and may be entirely absent The blood vessels m uncomplicated 
cases usually show no distinct evidence of endarteritis In general, m 
the late lesions also one finds a picture of a chronic infiammatory proc-css 
with the production of ordinary granulation tissue in which there is more 
or less cellular infiltration and in which occasional giant cells are present 
In the keloid type of leishmaniasis noted in the Sudan by Balfour and 
Thomson epithelial cell nests were described Archibald also noted 
thickening of the epidermis with the formation of epithehal downgrowth 
although there were no other evidences of epithelioma 

Klotz and Lindenberg Llambias and &I(»to Buss Portugal and I ox 
and Highman have made pathological studies of South American cuta 
neous leishmaniasis Klotz and Lindenberg describe the pathological 
histology of the lesions of the nose and find that the granuloma begins as 
a perivascular lymphocytic infiltration of the submucosa which passes 
through stages in which the plasma cells and endothehal cells gradually 
gam dominance and ends with the dcvrclopment of nodules largely com 
posed of endothehal cells These nodules may show central necrosis or 
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With Sptrochctta The sores which are usually in the neighborhood of 
j 5 cm m diameter may in some instances come to occupy an area 6 to 
8 cm m diameter In the great majonty of cases which are treated thr 
ulcerations do not penetrate to great depth and when the infective agent 
IS destroyed the ulcer heals by granulation and a scar results 

The lesions are generally conhncd to the exposed surfaces — hands 
feet arms legs and especially m young children on the face rarely on 
thetrunk never on the palms solcsoflhcfcct orhairy scalp Frequently 
in \ ucatan and m some cases m Paraguay they have occurred about the 
ears Higoumenakis m stating that the lesions occur almost exclusively 
upon the uncovered parts cites 2 cases reported by Loghan in Teheran in 
which they were situated upon the hypogastimns These 2 cases were in 
women and were explained by the fact that it is a custom for the natives 
in that locality to keep the hypogastrium uncovered 

Weber m a study of the distribution of the lesions found about 85 per 
cent of the sores located on the upper or lower extremities and about 
10 per cent on the face while the trunk served as the location m only 
about s per cent of the cases Fox in the observation of 50 cases in Sao 
Paulo found the mucous membranes involved in 10 cases 20 per cent 
The location of the disease in 4 was the nose cheeks or lips One case 
presented a single lesion of the ear and a were noted on the chin and a 
on the shoulder The majonty of the lesions were on the extremities 
especially the lower at points distal to the knees and elbows 

Lesions are often single but 2 or 3 sores are not uncommon Manson 
Dahr states that m many instances as many as 150 have been counted 
upon the same patient Cardamatis and Melisstdis (1911) recorded a 
case in Greece in which there were 35 sores distributed about the hands 
arms and (ace Torres reported one in South America in which 248 dis 
Unct lesions occurred on various parts of the body while Buss has reported 
and illustrated a case m which there were over 300 nodular lesions papular 
crusty efOorescences of three months duration Deprete and Bcinet 
found the number of sores m a case was one in about 30 per cent a to 4 in 
SO per cent and from 4 to ao m about ao per cent of the cases In s© 
cases in S5o Paulo Fox found the number of lesions for each case av eraged 
3 3 


Ai a rule there are do constitutional disturbances observed except m some of the 
South Amencaa cases id which exteosivc nasopbaiynfcal involvement exists and the 
pat ent is someurees gtcatl)' reduced 10 health. In such cases the lymphatic glands 
and lymphatics drain g the infected region are fnvo! ed and m some instances the 
glands have been found to contain Leahm a 

Blood — In cutaneous 1 ishminiasis there is usually no diminution in the number of 
red blood cells A sbght increase at the large manonucleat leucocytes has been noted 
m some instances. Aichihald stales that thu mcrtase u more marVtd in the blood 
taken from or close to the area nbere the lesioa exists. In cases of nonulcer ti e 
cutaneous 1 ishmaniasis 1 the S dan the blood has usually shown a leukopenia and 
an eos nophiUa Iligoum aaku (1940) who mi cd both the blood from the finger 
near tb oriental sore as well as the penph I blood found that the blood takeo near 
the sore uilly showed a gre t mere se in the med um-siied mononuclear cells 
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Syuptouatolog Y 

Incubation Penod — The incubation period of oriental sore has been 
stated to vary from a fen weeks to many months Manson Bahr states 
that It ma> be even briefer the sore appearing sometimes even a few da)s 
or weeks after the arrnal of the individual m endemic districts or after 
inoculation On the other hand that it can be of much longer duration 
IS equall> certain Manson reported an unquestionable oriental sore 
which did not appear until 5 months after the patient had been exposed 
to any possibilit> of infection 

Marzino\\sk> who inoculated himself, developed a lesion 70 da)'S 
after the inoculation while m the case of Wenjon who also inoculated 



Fig 06 — Or ental sore (Alter Cardamatis ) 


himself in Aleppo it was not until nearly 7 months later that a minute 
lesion appeared and only subsequently did ulceration dev elop 

Cutaneous Lesions — The disease begins with a small insignificant 
appearing papule which is in some instances attributed to an insect bite 
The papule jtradually increases in sue and after a month or tw 0 a lesion 
measuring frequently from i to 3 cm in diameter may be formed fn 
some instances after persisting for 6 months to a year the lesion appar 
ently atrophies and becomes dried and covered with a superficial scab 
or scaling surface which eventually falls off leaving a depressed scar 
However in the majority of cases the lesion becomes covered by a mofc 
or less dark crust from which a stuLy secretion evudes On the removal 
of the crust a moist superficial ulcer which bleeds freely is revealed In 
neglected cases the ulcerations extend slowly m size and depth and the 
lesion usually becomes secondarily infected with bacteria and sometimes 



CVTAKEOLS lElSHUAViASIS 


309 


In the cases simulating scrrucoas tuberculosis it is necessary to demon 
strate Letshmanta and the absence of the tubercle bacillus before estab 
lishing the diagnosis 

The writer also observed cutaneous lesions of the left thigh and leg 
in a woman in Manaos Amazonia The lesions were said to have had a 
duration of 7 months 

Christopherson has described disuete lupus like nodules occurring on 
the cheek in general appearance resembling lupus vulgaris but containing 
Letshmanta In the South American cases which involve the naso- 
pharyngeal areas there is usually no marked resemblance between the 
leishmama lesions and those of lupus However Sindcrson (1931) has 



Fic fiS— E OJ o f ih < type I ol eh 1 r Itr iP om c s« f Or G C 
Sli (t ck Cemn y Cs n g I st tut •> ( W a h gton.) 
called attention to the occurrence of a secondary tuberculide in oriental 
sore in children in Bagdad and suggests that the leishmama infection may 
predispose to the development of the lupus 

Chiclero Ulcer —The disease in \ucatan called chiclcro ulcer has 
been recently investigated carefully by Shatluck who says that it seems 
to have clinical features which eparate tt in a measure from the forms 
observed in other parts of the world 

The disease affects particularly the native chiclero workers though 
the pure Mayas even when they hve in the forest seem seldom to be 
attacked bv it It occurs in either sct but is much more common m the 
males in the forest camps but ss Shattuck points out this seems unim 
(lortani as comparatively few Mestizo or ^Ieslcan females live in these 
camps In males it was encountered between the ages of 9-jS years 
and in females from 9 16 years 
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there has not been the extensive mvohewent of the postpharyngeal 
region sometimes encountered in the disease m South America Rabello 
states that in Brasil po per cent of the cases resemble oriental sore and 
that secondary infection occurs in the remainder so he does not think the 
disease in Brazil is a separate one l*e%ettbeless the prevalence of the 
lesions of the tnucosa in the South American cases has led many writers 
to classify and describe such lesions under the term American leish 
raamasis and the wnler has not obsersed such lesions due toLeis/imantj 
m any other parts of the tropical world 
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The percentage of cases with mucous lesions sanes in the different 
localiiiM Da Sil\eica reported maohement of the mucous membranes 
of the nose throat and mouth in about *0 per cent of 15 coo cases in 
SJo Paulo The most beastly infected endemic areas are in Brazil 
Paraguay and Peru where the disease has occurred particularly in men 
working in forests or districts where there is luxuriant tropical vegetation 
On the other hand in certain localities in Peru ca es occur in the moun 
tamous districts In Paraguay it has been evpecjally observed in those 
working in the forests and inat€ plantations in which it is said to have 
assumed almost epidemic form 70 to 80 per cent of the laborers being 
infected 

In Dnti h Prench and Dutch Guiana it is aUo seen most commonlv 
in the forest laborers and the same u true in ^ ucatan among the chicle 
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SYMPTOlIATOtOCY 


The earlj lesions consisted of dark red papules a few millnneters id 
diameter In the second stage the papule has a diameter of from i to t 
cm IS markedly elevated, and is surrounded by a zone of inflammatory 
oedema The papule however does not resemble a boil It develops 
slowly IS cyanotic rather than red in color does not contain a pocket of 
pus and is soon co\ ered by a scab composed of dried serum and blood 
under which there is a small ulcer The third stage is characterized by 
the accumulation of pus beneath the scab by loosening of the scab and 
finally by loss of the scab Thus is exposed a shallow ulcer buried in pus 
The edges of the ulcers are definitely elevated and not undermined but 
they may be relatively smooth or ragged The ulcer may increase m 
extent and m depth by sloughing When it develops upon the ear it 
may result in the loss of a considerable portion of that member by slough 

mg Fig 6S When the fourth stage the healing process has begun Ibe 

ulcer can readily be washed clean and the base is then composed of red 
healthy looking granulation tissue 

During the stoughing stage there is often much pain Shatfuck points out that hii 
experience as well as that of others indicates that the initial lesion m the great majority 
of the cases appears on the ear and that usually there is but one lesion On the other 
hand both ears may be attacked and the initial lesion may appear on the arm or else 
where The youngest lesion which he saw was situated upon the hand but in uns 
case the patient had i6 lesions in various stages of developmenl The disease had 
begun 3 months before and apparently the lesions had been increased in number by a^ 
inoculation into the abrasions of the skin probably as a result of scratching Tr s 
early lesion on the hand was the last to develop and was papular in character 

Shattuck confirmed Seidehn s suggestion that the disease might be a form of lewh 
maniasis and he demonstrated Let$kmama Iropi a in the lesions He emphasises the 
importance of finding Leuhmamn before dugnosi is made and points out that it this w 
not done errors in diagnosis may occur However in some of the cases which seemed 
typical Letshmama were not demonstrated Shattuck says that he has no doubt that 
secondary bacterial infection plays an important role by aggravating the lesions are 
that most of the pus and sloughs result from the actxin of bactena ffe says that uhiie 
there are many reasons for believing that the disease is transmitted b> an insect it 
seems to him highly improbable that a hypobosad of birds is the agent of transmission 
and that it seems highly probable that this and other forms of leishmaniasis are trans 
mitted usually by certain specie# of PhUhoU/mut 

Amencafl Leishmaniasis — ^While m most cases of oriental sore m 
South America as well as elsewhere in the endemic regions ol the world 
the lesions are confined to the sfcm in about lo to 20 per cent of the South 
American cases the mucosae are involved In such cases the ulcerations 

and necrosis in the nose mouth and pharynx may result m most extensive 

and distressing lesions and lead to a profound cachectic condition of the 
patient However ulcerating lesions of the mucosae not only occur m 
South America but occasionally also in the endemic regions elsewhere 
in the world Cases in which ulcerations may extend from the skin to the 
inner surface of the lips and nose have been recorded by Cardamatis and 
Melissidas m Greece by Pulvirenti La Cava in Italy and by Chns- 
topberson in the Sudan Eller also records 2 cases in Madrid with lesions 
of the mucous membranes of the mouth In most of these cases however 
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Escomel diBerentiated uU u 4 fotm of the disease m which the sVm u the p»tt 
aSected »nd m which the process extends penphe«l!y from the primary lesion and 
without any breach of continuity On the other hand la e'pundia the disease was said 
to 6rsi attack the skin and then spr ad to tt e muco is membranes so that there is an 
interniplion of continuity between the initial le on and tbe secondary or tertiary ones 
\fter many months the initial sore » said to heal nodules and ulcers appear then or 
later m the nasopharvnx Suchlesi nsprogtesssViwIjr with sesere desiniction mutila 
lion an 1 scarring until death occurs from sepsis and malnutrition due to interference 
with deglutition unless treatment is inxiilul^ The secondary lesions in espundia it 
IS said occur most frequently on the mucous cnembranes of the upper re piratory and 
digestive tracts exiening trom the nares to the trachea and sometimes from the lips 
to tbe oesophagus In some cases of palatal ulcer two deep furrows ore produced one 
along the edge of the soft palate and the oibct crosswise in the median p latal line 
I rming a sign which is kniwb as the palatal cross of espundia 

Diagsosis Prognosis and rEOpiiYT-vxis 

Diagnosis — W ithout the finding of LeiiJIimflnia in the lesions certain 
diagnosis is impossible In instances in \sbich the parasites cannot be 
demonstrated microscopically either in scrapings from the edge of the 
lesions or in a drop of serum withdrawn by 5\ tinge needle or pipette from 
the periphery they may sometimes be obtained by culture inoculated w ith 
the serum thus collected 

Wenyon relates a case in which though scrapings from the sore and 
puncture of the margin failed to reteal Letshpianta in stained films yet 
the flagellates grew in cultures inoculated with malerial obtained by 
puncture after stenhiation of the skin The organisms must have been 
scry scanty for it was not until after the lapse of three weeks that the 
parasites had multiplied surTicientlv to be detected However in some 
cases when the parasites hav e been oliservcd by microscopical etammauon 
the cultures have been negative This is likely to be the case when 
bacteria predominate in the lesion as in the ulcerative cases For this 
reason Wenyon and Connor and Shorti emphasize that the material for 
cultures should be obtained by inserting a fine drawn pipette run beneath 
the surrounding skin which haspreviouvU been disinfected However 
as such a f ipette is likely to bicak in invcriing it through the skin a hypo- 
dermic syringe often gives better results Connor and Shortt emphasize 
that the parasites are by no means al» ays easv to find in the sores par 
licularly on account ol sccondarv mfeclion Of « Sj consecutiv e suspected 
cases parasites were demonstrated in only gs One obviously could not 
conclude ih it the remaining esses were defmueU leishmaniasis 

The dermal reaction has been cmplosed in human cases butfurthcr 
study as to the value ol this test as a means of diagnosis is ncccssarv 

DtSerential Diagnosis — From elmicai appearances oriental sore may 
sometimes be confu ed with bhstomycosu and possibly with lesions of 
tertiary syphilis leprosy and phagedaemc ulcer while tbe advanced naso- 
phvrvngeal lesions mav be confuvd with facnl lupus nasal syphilis 
gangosa glanders rhinosclcroma nasal roynasu leprosy and venereal 
granuloma In such lesions unless icMfcmanKi have been demonstrated 
either early m the disease or in the late lesions a definite diagnosis of 
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workers In \ ucatan the Jesioas have been found especiall> about tbe 
ears However in these localities mvoUement of the mucous membrants 
IS not a prominent feature 

In Peru the disease has been known especi3U> under s names espun 
dia and uta but in Braal with the exception of parts of Amaronii 
these terms are not used instead the affection is sometimes termed 
Bubos Tjzzer Sellards Brues Gasiiaburu and the writer who 
studied uta in Peru m earlier jears found that the disease began as is 



Fig 70 — Sktn and mocou siemlsrino involvement in B at lian lei hman adi 
(Osirsido Crux tnxt tute ) 

usual With oriental sore with a small papule which soon increased in snt 
and became covered by more or less moist dark crusts from which a sticky 
secretion exuded On removal of tbe crust a moist ulcer was revealed 
which bled freely These oJcerations in neglected cases extended slowly 
m size and in depth when the lesions became secondarily infected with 
various nucro-otganisms Eventually the soft and bard palate sometimes 
became destroy^ by the extenswn of the lesion a.nd in some cases the 
walls of the pharynx were eaten away When the larvae of Cftrysorfiyt^ 
macellana penetrate into the dqjtbs of the lesions the ulcerations may 
become very extensive and senous 
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for fhe exclusion of Phlebolomm and the eniplo>inent of insect repellants 
IS recommended Individuals with onentdl sore should be informed of 
the danger of their infecting otheH by persona! contact as well as of auto 
infection through scratching The lesions should be protected by dress 
mgs to prevent the access of fbes and other insects which might convey 
the infection either as an intermediate host or mechanically All linen 
or dressings which have come into contact with the sores should be 
destroyed by burning 

All cases of the disease should be treated In badly infected regions 
the systematic treatment of the cases is obviously an important prophy 
lactic measure In regions where natural canine infection occurs the 
dogs and especially infected dogs should be destroyed 

Treatment 

Antimony Preparations — WTien the lesions are extensive or multiple 
the tieatmenl usually recommended is by intravenous injections of tartar 
emetic or of sodium antimony tartrate as was first introduced by Vianna 
m igij A j-4 per cent solution may be injected beginning with o 5 gr 
(0 33 gm ) doses The solution of antimony should be made up freshly 
Injections maybegivenevery thirdday losomecases io-J5gr (6~igm) 
are sufficient to effect a cure Other cases may require a longer course of 
treatment though 10-20 injections amounting to 20-30 gr usually 
suffice Such treatment however is not invariably successful 

The employment of the pentavalent antimony compounds has also 
given good results and a cure has sometimes been obtained within a 
shorter penod \\ith neostibosan the dose should begin with 0 i gm 
and increased on alternate days 1003-04 gm (Seep 285 for a descrip- 
tion of these compounds) Neoantimosan (fouadin) a tnvalent antimony 
compound has also been used successfully m intramuscular injections 
Rogers cleared up a case of multiple onenlal sore by datly injections 
of neostibosan in 10 days While the usual oriental sore unless the 
mucous membranes are attacked heals of itself m the course of from 6-18 
months by the use of intrav enous injections of antimony the sore usually 
not only heals in a much shorter time but is apt to result in less scarring 
than if It is allowed to run its natural course However on account of 
the more or less benign nature of many oriental sores and the toxicitv of 
the antimony compounds many clinicians prefer to use other metho<h 
of treatment 

Tartar tmtlu ainlment in the strength of 1-2 per cent for local use hns 
been rccommendcil by Low Manson Bahr and INenyon However it 
is very irntaling to the unbroken skin and some people cannot stand this 
strength The addition of cocain 3 gr to the ounce u recommended 
for deadening the pain The omtment shonM be smeared on the sort at 
night and allow ed to soak in Kennedy obtained satisfactory results w ith 
this ointment but thinks in order to do this it is necessarv to produce a 
consideraHe local reaction with some sloughing and pain and he docs not 
recommend Us use for the face 
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ieishmaniasis is not possible la South America undoubtedly raanj casej 
«ith u!cerati\ e destiucttv e lesions of the skm and raucous membranes hau 
been attributed to Lttshmanxa although they had a different etiology 
Syphilitic lesions are particularly Wedj to be confused The \\asserrtLano 
reaction should be employed as an aid in the differentiation m all ul«f 
ative cases m v, hich kishmaiuasis is suggested 

Muir who has bad a very extended etpenence with leprosy m Icdii 
has called attention to the confusion that has sometimes ansea in India 
in the diagnosis of cases of dermal leishmanoid as leprosy In all doubtful 
cases leprosy bacilli should be carefully sought for in the lesions 



Prognosis — Cutaneous letshcnaiuasis unless the mucous roenibranes 
are involved is not a fatal disease If untreated however the lesions 
may persist for a year or longer and successive lesions may follow one 
another particularly through auto inoculation sometimes by scratching 
When the lesions occur on the face there may be disfigurement from the 
contraction of the scars Atchib^d has noted that when the lesion is 
the region of the eyes ectropion and occlusion of the lacnmal ducts may 
result Costa has also r^iorted lesions of the lids and changes in the 
cornea When the raucous membranes are extensively involved as lO 
the cases termed espundia and uta the prognosis is someti®^ 
unfavorable Such lesions are usually progressive unless carefully treated 
Some of these advanced cases do not respond to any treatment and the 
disease may end in death due to respiratory complications or evhaustioc 
from cacheua . , 

pfophylaas — In areas where the disease is endemic precaution snouw 
be taken against the bites of insects The use of special mosquito nets 
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ulcer IS first cleaned and then coAcred with a pad consisting of i6 lajers 
of lint soaked in 2 per cent zinc sulphate solution This is firmlj applied 
under a zinc electrode by means of a bandage and then connected with 
a positive pole of an electric current which is applied b> 18 accumulators 
giving an average of 36 to 38 volts Manson Bahr states that a patient 
with a sore of an area 1 inch in diameter can easily stand 10 ma as gauged 
by a resistance coil The application is continued for 20 minutes the pad 
being constantly moistened with zinc sulphate solution 

Diathermy — lligoumenakis who has wntten a monograph upon the 
subject of Le Bouton d Orttnt has devoted much attention to the success 
he has had in the treatment of the affection b> diathermy or bipolar apph 
cation of high frequency current Diathermocoagulation 

However Lanowsky has after the treatment by diathermy of 214 
cases of oriental boil with 536 lesions arrived at a much more conservative 
opinion He believes it is only possible to recommend the use of the 
method m the papillary forms of oriental sore In the ulcerative forms 
in the treatment with diathermy only a slow healing was obtained 
and an unfavorable cosmetic effect on account of the formation of keloid 
scars while in it per cent of the cases there was a relapse of the 
condition 

Also Rotenberg and Baranowsky wrho have used the method in 36 
cases of dermal leishmaruasis m which there were 103 oriental boils say 
little that IS favorable about the method Only in 16 patients in which 
a cure was obtained did relatively flat atrophic scars result while in all the 
other cases the end result was considered to be unfavorable on account of 
the formation either of keloids or deeply produced scars 

Other Treatment —WTiatcvcr the method employed the ulcerative 
lesions should be treated on general hoes bv first cleansing with some mild 
antiseptic solution and after the application of the medicament the 
lesions should be covered with a dressing The local application of 
powdered permanganate of potash has been particularly recommended 
tor the ulcerative lesions However while it sometimes gives good results 
U is very painful 

A number of obsenen have employed an ointment of equal parts of 
methylene blue vaseline and lanolin {Wenyon \rchibald Kardou 
mails and Melissidcs) and preferred this to the i or 2 per cent antimonv 
ointment 

Cures have been effected by scraping excision actual cautery and the 
use of stronger disinfectants such as carbolic and rutnc acids which 
destroy not only the parasites with which they come in contact but 
unfortunately the tissues as wcU Lxcision does not always result in a 
cure as a new lesion may appear outside the exci ed area or m another 
part of the body 

\mong other drugs tried has been Bayer 20^ Moschkowsky used 
It in a number of cases w iiliout apparently any benelicial results Stov ar 
sal was employed by Mazza and Bernasccni in 3 ca es of espundia which 



3i 6 TRtATUfNT 

Carbon Dioxide Snow — In parts of India the application of carbon 
diotide snow is regarded as the most satisfactorj form of treatment It 
IS applied for from 5 to 30 seconds according to the size of the lesion, snd 
repeated every 10 dajs Warma has found this to be the method of 
choice in the Majo Hospital at Lahore the intravenous injections of tartar 
emetic solution being employed more especially for cases showing multiple 
sores of the body 

Eiiieltn — Photinos has recommended injections of emetin hydro 
chloride which are made beneath and around the edges of the sore 
Cahceti Panayotatou and Sinderson have also reported good results in 
treatment by this method Sinderson has used either a 2 or a 5 per cent 
Solution injecting it into the thickened edges and bases of the deers and 
using not more than o minims at i time, which was distnbuted over 
several sores if the lesions were multiple After 3 or 4 days the sores 
became well defined ulcers and healed m about a fortnight 

Berbenne Sulphate — Gupta and Dikshit and Karamchandam recom 
mend the u>e of berbenne sulphate Dei 1 has also employed this method 
of treatment (j per cent solution) with 18 sores and found that 6 h«led 
completely after x injection $ after 2 and 5 after 3 injections la 
t case there was marked improvement after i injection but the patieot 
did not return for further treatment Only i case showed no impiov* 
ment and in this case the diagnosis was doubtful 

DeCastro believes that a z per cent solution of berbenne sulphate 
frequently causes severe burning sensation for many hours, and prefers 
3 cc of a I per cent solution Napier (1931) points out that about 3 cc is 
the maximum amount of the drug which it is safe to administer a> the 
preparation i» toxic Others recommend a cc of a i per cent solution 
Roentgen Rays — Treatment by roentgen ray has also been used with 
success in Mesopotamia and elsewhere, particularly by Tomkmson HoiSt 
Dore and Atkins Atkins considers that combined with ainc lomzatwa 
the best results are obtained, while Triston recommends roentgen rays 
with applications of permanganate lotallv Manson Bahrsays that when 
roentgen rays are available this line of treatment appears to be at once 
rapid and efficacious and in Mesopotamia Jlitchell found that a single fuu 
pastille dose of roentgen rays produced a cure within 10 days m tre 
majoritv of cases The treatment was not followed by any constitutiona 
disturbances and the scars which were left were hardly noticeable It « 
stated that the ray s act directly i^n the pa/asites 

Dostrovvsky also believes that the best method is by treatment watn 
roentgen ravs pointing out that the treatment is rapid and there 
waste of time and for the patient it is painless However, the methen 
is eicpensive and not always available Of 30 cases treated with roentgen 

rays only i was refractory The treatment lasted from to to 120 days m 

applications with a weeks interval 

Treatment by lomzabon — ^Manson Bahr and Archibald descrmw 
treatment by ionization which has been found to give good results The 
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resisted treatment with tartar emetic Definite improvement was 
obtained after 13 or 14 injections 

Double iodide of quimne and bismuth in intramuscular injections was 
recommended b> Vigne and Piingault and a few cases of successiuUieat 
ment with it have been reported by Escomel Agronick Komarow and 
Aranda It apparently has had no wide use since The dose recom 
mended is o 15 gm dail\ for i month 

Gold Treatment — Sonnson has recommended injections of gold 
preparations (krjsolgan. and sanoccysin) and reported favorable results 
in 3 cases after 5 to 6 injections 

Treatment of Mucous Lesions — ^The treatment of extensive lesions 
of the mucosae is often difficult It is recommended that the local ulcers 
on the lips and nose should be cleaned up with fomentations the cleansed 
surfaces anaesthetized with a mixture of cocaine menthol and carbolic 
acid and then sprinkled with finely powdered antimony tartrate aod 
bound up with a bandage Subsequently the wounds are dressed with 
an ointment composed 0/ zinc otide bismuth and ianoha In the M^e 
of lesions of the buccal mucosa the scabs ma> be removed with solutions 
of bicarbonate of soda the surface anaesthetized with cocaine (1 per cent)f 
and spra> ed with i to 2 per cent antimony tartrate solution Lvei) ^ to 
8 da>s the tartrate is used tn a saturated solution the application being 
made by means of pledgets of cotton wool 

In some instances the lesions of the mucous membranes have been 
found in South America not to yield satisfactorily to treatment with 
intravenous injections of antimony and potassium, tartrate Good 
results m some cases of this nature have been recorded from mtramuscuUt 
injections of dioxy dtamino arsenobenzol or neosalvarsan 

Andrews has recommended for the nasal manifestations m South 
Amenca alkaline washes to soften and dislodge the mucus and crusts 
followed by applications of caustics such as trichloracetic acid or phenol 
Local treatment should be accompanied by intravenous injections such 
as tartar emetic 

Shattuck in the treatment of chidero ulcer states that hia experience 
indicates that an important part of the treatment should consist in cleans 
ing the ulcer to get rid of tbe bacterial infection and that an ointment 
such as sulphur ointment should be applied which will prevent dryness 
and prevent scabs from sticking to the surface In addition injections 
of potassium antimony tartrate may be given 

Treatment of Post kala arar Dermal Leishmaniasis — Neostibosan 
has proved to be more effective than sodium antimony tartrate 

With reference to the treatment of oriental sore as well as of dll forms 
of leishmaniasis it should be borne in mind that while it has been shown 
that a number of the pentavalent compounds of antimony are considerably 
less toxic to human beings and laboratory animals than the sodium and 
potassium salts of antimony it has not been conclusively demonstrated 
that in the destruction of the parasites they are equalb effective in the 
same dosage as the potassium and sodium_salts (See Solustibosan 
p 286 ) 



Chapter VII 

THE TROPICAL RELAPSING FEVERS 

Synonyms —Febns recurrens spirochaetosis spirillum fever famine 
fever Carapata disease Kimputu tick fever French — Typhus recur 
rent German — Rlickfallfieber 

Introduction — In tropical countries a group of fevers more or less 
identical clinicallj w ith European relapsing fever are also caused by spiro 
chaetes of the genus Spirochaela (Borrelut) The first to engage the 
attention of phjsicians was the organism of European relapsing fever 
known for a long time as Sptrtltiim obermeiert (Sptrocliaela recurrenlts) 
transmitted by the louse Pediadus kumonus The relapsing fever of 
Central Africa is caused by a species Spt'oehaelo dull<mt which u trans 
milled bv a tick Ornilhoiores moubata while that oi Northern Afnca is 
caused b> 5 berbtra which is transmitted by lice A species of spiro- 
chaete named 5 tarttrt causes the relapsing fever of India It seems 
evident that its transmission » also brought about by infected lice as » 
the form encountered m China A number of others hav e been reported 
among which are 5 for American S persxcum for Persian relapsing 
fever and 5 tene ueUnttt (.neolrcptcalu) for the form seen m \ene2uela 
and Panama The view taken by Nuttall that the various names given 
for the different strains may be of convenience m the study of relapsing 
fevers but that there is no adequate morphological difference to justify 
them as distinct species seems worthy of acceptance Also it has been 
shown that the separation of these and other named spirochactes of the 
genus on the basis of susceptibility of laboratory animals and cross 
immunity reactions is untenable ^V'hlle all the louse borne strains seem 
indistinguishable by agglutination methods some workers have found 
that tick borne strums (S dulfont) arc not agglutinated or lysed by a 
serum prepared with the louse borne strain S reciirrenlis Also the 
writer has shown that rats thoroughly immunized against 5 reciirrentis 
b> repeated injections may stiU be infected with 5 duUoxit 

Siuuy AVD iDEvnncATioN or Spirociiaetes 
C roup Spirochactacei Fantham 1908 (The Spirochactes) 
CUsti&CkUow. — tl M vVill wtMttiicr the vp roch&tm he con ulerrd 

» protoxoa ututrKnlrdby ^haud nnu qosot whether they are raore closely relate 1 
t the bacteru as w 1 onmnally belevcd At present the biter lew u more generally 
h IJ and Peritry in his I st i?a jtil tf IMetmtmil Bi lenoi'Hi iQjg places Ih m 
in the ebu S k mj eitt rdcr Sfttttka lot 

The term Sf tKkjtl was the een ne name first appi il by Ehrenberg in iSjj to 

brse {rec'Uviag spiral oi^amims tbepiot i>bamotwlu>.bappearrdt9bcwouD<larouQd 
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obtuse ends cyhndncal tod composed of a to s btge uregular fleTures) Has a distinct 
and fleiible longitudinal crest and an utemal duiebered structure lib.e Safrosp ra 

4 3 i>rrf/ia Snellengrebel tjoy Type B j W nofum \anous sites no aiial 
filament no crista or undulating membrane VI d sintegrated by le per cent sapomn 
and bile salts ; to lew in length by o Sfi m aidth flexible anl inabetike In man £ 
ttcutrinlts B novyi B dullo B itrb a B ca iert B r e nli B tuccalu B t gyra/j 
B iretichial s etc Includes a« e na of geese B «* /m and many others 

5 Trepontma type 7 F^tlfidumScbauiinn 905 Shaped like a corkscrew pointed 
ends 8 to 14 X 0 3M with from 6 to IS Sums Cthespirai \\itb dark ground appears 
as sd cry delicate corkscrew in motion Imperfect illununalioa may show them 
as lots Curses rigid nhile in Barttlta they tend to straighten out Members of 



both these genera (Ciermao theory) composed of ccto and endoplasm the former being 
enni nue 1 beyond the Utter forming the attenuated en Is 

6 ltp{ pi a Noguchi 1917 lype L. i^rr kj«>terlta{iae— Inada and Ido 19 4 
( 1411 in length ojMinwiitb nitb pc ntrd enls and a spiral ampi tude of 04511 
ne r more gently unlulatiDK curves Tem nil f lament axial fil me t a 1 und 1 t 
ing tnembran absent Resist so per cent uponin but are d ssoWed by bile salts 
Three paibogrnic speci s L lefaiatmartkai ae L i U>maJ i d L mar lu m rxs 
rtogress by rotary motion aith one end hooked. 

Th frsl 3 gener d not occur so m n and are of no metl cal s gnificance The 
membeixM the g mas Re* I 1 art otten ref tred to at Ih Wx«i pirochaetes n contra 
d »i ftU n to the 7 pa tma r tissue apirochattev Interm 1 ate between these t 
A ("fj ftaSm (1039) Ike 3p t r gs- 4 am d i pars tail rruat 
par tfcT a-atai rtaii in o par aant sal ml reWaTe «.U {*5 paLilj anj idcra 
kiim t kat aaa • rtaJil taaaktJ 
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an axial filament Obermeier ui 1873 noted the occurrence of filamentus spiral lormj 
m the blood from patients with relapsing fever In 1903 Schaudmn and Hoffman dis 
covered the organism causing syphilis and named it Treponema pallviuin regarding it 
as a protozoon Hitherto the spirochaetes had been classified as bacteria Many 
other protozoologists have followed the classification of Schaudmn and described the 
spirochaetes among the protozoa Today while there is not entire agreement upon 
the matter it is the concensus of opinion that they are more nearly related to the 
bactena Nevertheless they have characteristics common to both and individual 
properties which distinguish them as a class 

Alt the pathogenic spirochaetes are mote flexible than bacteria though their fieri 
bility vanes with the different species Thus the spirochaete of rat bite fever {Upti 
spira tnorsus murit at SpinUum minus (Carter 18S7) may show great rigidity m its 

Like bacterui spirochaetes lack any distinct nucleus and divide exclusively by 
transverse division usually into two equal forms It was formerly believed that they 
multiplied by longitudinal division but the figures interpreted as indicating longi 
tudinal fission are now considered to have been probably \ or \ forms produced by 
bending at the point of division of partially intertwined spirals They do not fotni 
spores Granular forms have been observed and described as representing a stage in 
the life cycle of the organism Filtrates containing such granules have been shown to 
be infective but since many of theflexiblespiralformsmay also work their way througb 
bacterial filtera the assumption that the granules are infective and are a phase in the 
life cycle is not thereby proved Indeed today the infecUvity of the granular forms 
IS still questionable 

The spirochaetes are mottle having sinuous and rotating movements which are 
independent of the action of the flagella Many observers believe they have no true 
flagella Delicate terminal filaments however have been observed in some and in the 
case of the organism of rat bite fever terminal flagella are present 

Spirochaetes differ from bacteria 10 being susceptible m the animal body to the 
destructive action of arsenic aolimony bismuth and mercury compound One of 
the most striking evidences of this fact is seen in the treatment of yaws with salvarsao 
The spirochaetes usually stain with more difficulty than bacteru and are most ef^t 
tively stained by methods such as Wright sor Gierasa s They are gram negative For 
staining m the tissues Levadatti s method is usually most satisfactory For the stain 
ing of film preparations the Fontana Tripondeau silver method gives good results 
Some of the species are aerobic and others ate anaerobic Cultivation is difficult 
and often unsatisfactory However cultures have been obtained of most strains m 
media to which serum or blood and sometimes fresh tissue has been added The organ 
isms often lose their pathogeniaty rapidly in cultures In the living state they ate 
often seen best by the dark field illumination 

Noguchi proposed a classificatioii of the spirochaetes based largely upon morph® 
logical differences (Fig 7a) Hie following classification adopted by Bergej is based 
upon that of Noguchi but tbe name Botreita is used for the genus which Noguchi 
originally termed Spironema However the names Spinilum and Sptrochaela were 
earlier applied to this genus 


Spisochaetacea 

I Spirockaeta Ehrenberg 1833 Large free living fresh water and marme forms 
Type 5 phcalUu (soo X o 75 m) cylindncal with regular spirals i 5 m apart Hm ao 
elastic flexible axial filament but no ensta or flagella Not d ssolved by bile salts or 
saponin in 10*" solution 

z Saprosptra Grass tgst Large living marine and fresh water forms lyp® 
S ttandts (100X0 8m) Is divided mteinally into chambers by many transverse 
septa Organism disposed m numerous reUUvely rigid undulatmg curves There 
are no flagella nor is there an undulatmg membrane (crista) 

5 Cruttsbira Gross igro Large spirochaetes parasiUc in alimentary tract ol 
oysters and other shell fish type C i » . Certes i88z (45 to 90 X i with 
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TuE Relapsivc FrvrRs 

Definition — relapsing fe\er is a fcbnle arthropod borne spirochaela! 
infection which is w idely distributed in many parts of the world sometimes 
producing wide spread epidemics The disease is characterized bj a short 
febrile period (4-10 daj-s) which begins and ends abruptly and is usually 
followed after a week or two by a simitar but milder paroxysm In the 
African tick fe\er there may be as many as 10 such relapses whereas 
m the European ty^w of the disease there arc rarely more than 2 or 3 
With each relapse there is a fresh invasion of spirochaetes into the blood 
stream where they persist until shortly before the crisis During the 
remissions the organisms practically disappear from the peripheral blood 
but they may be found m large numbers in the hyperplastic spleen in 
which they are apparently harbored The cercbro-spinal fluid may some 
times become infected and the spirochaetes have been demonstrated there 
by animal inoculation up to 45 days after their disappearance from the 
blood 

Relapsing fever has occurred in all the continents of the world with 
the possible exception of Austniu It m common in Eastern Europe and 
many great epidemics have occurred especially m the Balkan countries 
Austna and Russia In Africa it probably ranks in prevalence nest to 
malaria and sleeping sickness and m India it i» also particularly severe 

There 1$ no significant clinical difference in the disease as it occurs m 
the various countries In some regions however it is spread by infected 
lice and in others by infected ticks Both louse borne and tick borne 
cases have been reported from the same regions in Afnca and m South 
America It has been show n that these spirochaetes can live m the bodies 
of bed bugs and it is quite possible that these hemiptera sometimes may 
also act as vectors 

The spirochaetes causing relapsing fever have been diflerentialed 
(sec p yjj) into several more or less distinct types of species of which 
the more clear cut are 5 recurtcnlit causing the (louse borne) European 
disease and 5 Jii/foiit causing \Incan tick fever Morphologically similar 
organisms arc responsible for various arthropod borne blood infections 
m fowls cattle and other animals 

History and GEOCRxriiiCAL Distribution 

History — \hhough Hippocrates desenbed the clinical features of 
relapsing fever quite accurately this Lnowletlgc seems to have been lost 
until about the i8lh century The disease described by Hippocrates as 
existing at Thasos may have been a form of malaru References to 
relapsing (ever go back to 17^1 when Ruttv reported a disease of this 
typcavsociatedwithlyphusfevcrinDublin Thenamc relapsing fever 
seems first to have been given and the disease clearly difTerentiated from 
typhus fever by Henderson who described the clinical differences between 
the i di ev»es in an epidemic at Fdinburg in 1843 Craigie also descnbeil 
this epidemic Grievinger s bilious typhoiiof fgypt (1851) was probably 
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genera is the Leptospira group the raembets of which have characteristics m common 
with both The Bgrrelia vtneenh however has not been demonstrated m the blood 
and Its inclusion m this genus is questionable The nomenclature of the organism aus 
mg rat bite fever is also unsatisfactory Although included here m the genus 
(Leptospira morsus muns) it differs norphologKaUy from other members of the group 
in the rigidity of its spirals Unlike other spirochaetes it possesses ternuoal flagelb 
and Its motility resembles that of the vibnos On this account many bactenologists 
consider that it should be placed in the genus Spirillum Rat bite fever however 
resembles other spirochaetal infections clmically and responds in the same nay to 
therapy with the heavy metals 

This classification adopted by Bergey is in some respects far from satisfactoiy 
and especially with reference to the distinguishmg of Spirockaela and Borrclio The 
first generic name used with reference to this group of microorganisms (the spirochaetes) 
was Spirochaeta Ehrenberg (1839} Although Ehrenberg first applied it to Urge 
free living forms Lehert (1874) who described the spirochaete causing relapsing fever 
in man gave it the specific name of rrcurrenfir Such terms as 5 piri?»if«a Treponemo 
Leptospira and Borrelia have been appbed either to replace or subdivide the genus 
Spirochaela or as additions to it However Sptronema had been preoccupied both 
in zoology and botany Blackleck (1938) points out that many authorities today ate 
of the opinion that these later names caunot stand as the supposed characteristics upon 
the existence of which they were estabbshed may not erist and at best are unreliable 
In a number of recent tett books following the sugge tionof ZuekerandMeioiI there 
has been a return to the old nomenclature and it hence seems most advisable tad 
particularly on account of common usage to retain in medical literature the genenc 
same Spiroehaela jr order to av^id funber confusion 

There are at least 4 speaes of spirochaetes which are distinguishable 
and definitel> known to be pathogenic for man These are Sptrochaelo 
recurrenhs Lebert (1874) which produces relapsing fever transmitted 
by the louse and morphologically identical with S dutlont the form ttans 
mitted by ticks, Spircckaeta palltda Schaudmn (1905) (rre^fl«emfl 
pdhdum), which produces syphilis and morphological!) identical with 
S pertenue which causes yaws Leptospira tcterohaemorrkagiae which 
causes haemorrhagic jaundice and Leptospira or Sptrillvm morsm tnurts 
which causes rat bite fever 


In diSerent pacts of the world the following names or synonyms have been apphed 
to the organisms causing relapsing fevers m man 


I cecurrentis 
obenneien 
dnttom 
ciocidun 

ros*n* 

b rbenm 

persicum 

aegypticum 

venezuelense 

neotropicalis 

hi panicnm 

morocaoa 

sogdiannm 

tuncatae 

latysbcwi 


Europe 
Europe 
Centra) Africa 
Africa 
America 

East Africa 
East Africa 
North Africa 
Persia & N W Afnea 
Egypt 

Venezuela Colombia 

Panama 

S Spain 

Morocco 

North Africa 

Texas 

Middle Asia 
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Ntw \ ott In iSjS-io The oniy wwie 5l»ead Amtncan fpicfe mjc ocfufred ja 1869-ji 
U w*» lito vfry prtvaifot in "Nta-TotV and Anstini^st iladied o er too cases in llie 
WM* of Bei'evve JfospiUL In PlnJadetfbi* tbwe -ntre over looo MS« and scajletrd 
eases weee observed la Wasiunsion X) C MaryUad Nt>e Jetsry and Connteticul 
Isi ja>a \S lUiam Ptpptt slwiitd *t>& h\** '"Mte a« tscelJeot cfimc^ dwnplioa ol 
)be disease based 00 300 nsra 10 tbe rhiladelpbia bospiia) Since ih 1 out break 
•ppatefitty onty oceasiona} rsoJaled cases of tonse borne d srase bas e occurred m the 
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IhiQ so cases since 18^5 

Relapftng Jntr ironsmllej hy ticks is more prevalent in Africa tVian jn 
any other country where in prevafenee if ranks nesi to maiatsa and 
sleeping sickness Throughout trop 
«al Alnca the tintribwinn the ticV 
Ormihffdoras moKbata cbincttin with 
that of the disease According to 
Dequaert the majonf j of specimens 
of this lick in Africa are infected with 
the spirocbaelt In loealittcs where 
the tick occurs thcaduitnativesfw.te 
often hecoine immune to the disease 
hut new toinMj when bitten hardl> 
ever fad to contract the fever 

Foci of t ek fever often irantmitted by 
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EWOtorv 
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relapsing fever and it is noteworthy that in fatal cases of this disease 
occurring in the Gold Coast in 1857 he noted and described nuliary lesions 
of the spleen which we now know are commonly present in fatal cases of 
relapsing fever 

The causative spirochaetes were first seen by Obermeier in the blood 
of a patient in 1868 but he did not publish his discovery until 1873 

During that year he found spirochaetes m a large number of patients during an 
epidemic in Germany Munch (1874) infected himself and Motschutkoffsky (18 6) 
produced relapsing fever in normal human beings by the injection of blood containing 
the spirochaetes In 1877-78 Carter proved that the disease in India could be simi 
larly transmitted to man and monkeys by the injection of an infected patient s blood 
In 1904 Ross and Milne working m Uganda demonstrated that the disease known 
there as tick fever (and supposedly transmitted by the bite of this arthropod) was 
likewise due to a spirochaete found in small numbers in the circulating blood Although 
the disease termed tick fever had been recognized for a long period of time and was 
mentioned by Livingston in 1857 its etiology had previously remamed obscure In 
190s Dutton and Todd working in tbe Congo were able to confirm the obseivatwns 
of Ross and Milne and show that the parasite could pass into and was present in the 
ova and larva of the tick Orntlked^ros mauiala (Murray) and so confer infecting power 
upon the mature form of the succeeding generation 

Flugge in i8gi suggested the louse as a carrier offrelapsmg fever and Mselue 
(1907) after an epidemiological survey of an epidemic 10 India concluded that toe 
louse Ptdiculus humanus was the vector Evpenmental confirmation of this idei 
was given by Sergent and bis associates ((910-11) and later Nieolle Blaizot and Coaseu 
(1913) who reported the infection of healthy monkeys by means of the inoculation 01 
body fluids of ctushed bee which bad been taken from patients wiih relapsing fever 
In recent years a number of different species of ticks of the family ^rgondue have 
been shown to transmit the disease in different parts of the world 

Geographical Distnbutioa — Relapsing fever transmitted by Peduulus 
humanus is endemic and frequently becomes epidemic in Europe parts 
of Asia and Africa sporadic cases are occasionally observed in the United 
States In Europe it occurs from lime to time m the British Isles espe 
cially in Ireland and m Norway Denmark Germany Poland Russu 
the Balkan States and Turkey It has often been the scourge of armies 
in the field and during the World War it was prevalent in Serbia where 
it was sometimes found to co exist with typhus fev er Over 12 000 cases 
of relapsing fever were diagnosed m Serbia in 1915 

In Asia It IS especially met with in India where large epidemics occurred m 
m the Central Provmces and the Northwestern Frontier It also prevails in puts 
China Manchuria and Persia Although it has been stated in some test books to 
occur in the Dutch East Indies De Langen aud Lichtenstein (1936) state the disease 
has not yet been observed in the East Indies and Scott (1939) says m Australia there 
IS no known relapsmg fever In Africa it is found especially in northern Africa j 
Algeria the Sudan fat intervals) and Abyssinia) and in Western Africa the Gold 
Coast Nigeria Senegal and the Erench Sudan In recent years it has been especially 
prevalent in Dakar Cooper (1941) has reported an outbreak m Tobruk in which 
there were 63 cases 

In the United States m earber years the louse transmitted disease 
was imported on a number of occasions by patients arming especially 
from the British Isles 

During the years 1842-52 the dsease was prevalent in Ireland Scotland an 

England In June 1S44 an immigrant ship fromLiverpool brought i8 casesof relaps 
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Itamunity — With lecovcry from tht disease a transient immunity 
deselops and the serum acquires the abdtty to protect animah from 
subsequent inoculation Bacteriodal and agglutinating antibodies can be 
demonstrated WTien spirochaetes m the faJwd are treated with an 
immune serum they general!) undergo !>s« and soon on!) granules 
remain Relapses are frequent but ate ordinarily less s-esere than the 
original attach and nw) be explained by an inadequate formation of 
antibodies The more resistant spirochaetes sursive aad multiply and 
again invade the blood stream With each relapse the unmunity is 
gradually increased until recovery is oomplcfe The spirochaetes haie 
been found in the blood of individuals with only slight smptoms and 
such cases may be of great importance m disseminating the disease 
Frinci* ligyS) found that 6 ikesu> nonfceyt that had teco *ted from the dijease 
d d noi show any immarnty againslartioltctmoq oKMiths to •) tar la ter On the other 
hand Lawrence found that in cam expenneniaUv tnfetled by ticha who had reco ered 
he was unable to reinfrct them tor as loos as (*«! cars afterwards Sagelfoundpai rnts 
inimunr «bo had been infeetrd »>ih 5 jMnt for a* Ion; » fisv^ad one half > rare 
after recovery 

Differentiation of Species— A great many attempts have been made 
to distinguish different species of the spirochaetes o! relapsing fever by 
the use of immune sera The unter found (1909) that agglutinative and 
bactenolytic reactions were not satisfactory for the dtfTerentiation of 
species since ogglutjnines and bactenolysmi or lysins are present in 
varying amounts in the animals blood during the different stages of the 
mfcction nhtch may alter the reactions of the invading spirochaetes 
The most satisfactory method of differentiation 1$ through the thorough 
immunization of animals each with a different strain Thus nhite rats 
thoroughly immunized by repeated inoculations ol S ttturrtnUt of Euro 
petn relapsing fever were subsequently found to be still susceptible to 
infection mtfi J i/i/f/oni of \frican ticl fever 

However itwsinolpossibleby tucbunmunualioit rtaciioBt toibdcTtnt (ebcCwtcn 
S fKWrtnIitniS fSTlm »nd 5 ««ry» u wu tbawn by Vleckie and the wniM It 
Kirn elesr that the atr»ini trrRird Vreerran and Indian aniecol i.c DydiHercnt 
from ihe Puropran If Chey ate not tdenitcai tbry must be clwely relalrd Vfanion 
flthr (igjs) iR hii tab1 lliuslralms the dillertDl atrama cd tinroch eta only dffer 
rntiaica accord n; Co aeruRi ctactNOaP ravirex/ •nd.SdKl^xii Sic lit and Ardtr 
•on (igjj) consider lhal the rtlapsinj f »rr ap roehaetn seem to fwll inlo i ^roupt ■ 
«fy hoctwfteiwus 5 iatloKi group wB aira na of wh ch art leroloptally iJeM cat an 1 
» Kcond ^Tvup 111 wbicb ttirre a s ttsdency to bteeV up inco d Jer«nt larea 

Lentp Mounund and VVnsht tipjay found the Texas alrain wai immun tosvcally 
firnlicst wilb S any However they ( uol th t to aome espenments with O 
iwrirelo which h 1 lieea infected »Wh atrama termed S ■om dsfC ti« and re afrenf 
that this tick did not tiati m t the bifecti o Or rata Kruntpi csi the bat a of auth 
rrtulla, namely lhal poly ihe Tesasalnuide elope'linO (h j *i itamed it S In naJM 
\l wevcf thrae isveatyralMRS itwuld be coal aued aititp such d derent atu n be 
mertiy pn» of irultnre Pt of ad>ualtarnt to m new en -iTontne t In anolh r spec > of 
I fi I ra R an 1 1 au i l psri svRcr^l ih al h nil tw ilrv* atnf P i J I i 
t f ^ an I n I ft r> f , iy < aW 

Kussell (igjj) in Cfnea and CuoainghaM ( 9 «j nJ ipjs) Theod r a J I ra» er 
(igjtl at India have found that the ap aebietn plevni 10 the primary attack, gi « 
d fltftnt serolos cat te eiions from those ! uod in the second and Shi 4 attacks which 
obviously grratly eos-pticalra any d 8 msUalxa f tpeeiea by Kruw react^na Sot 
oo'y does Ihe setuin bwcotoe sUered by the peeanice of Imrautie tux, ea early fn Ihe 
disease but the otyanlams thttnselve* becane aettrlvgicaly chan-vd by IL Ic it Hot 
unosaal I* are scglvtfsalrd orranbait « lb bond Se ertheiesa. as fcsi been noied 
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type S recurrenlis However, the many diflerent strains or so called 
species (listed on p 324) are morphologically indistinguishable from one 
another The parasite is usually demonstrable in the blood only dunng 
the febrile stages of the disease and it often disappears 48 hours before 
the crisis A short time before the crisis however the organisms may 
sometimes be seen agglutinated m small clumps or star shaped forms 
In some instances the spirochaetes are present in large numbers and easy 
to detect In other instances many microscopical fields must be etam 
ined before the parasite is found 

Morphology — The Spirochaela varies m size The diflerent 

forms measure from 10 to 301* X 0411 They are flexible and have from 
4 to 10 open irregular coils The ends are tapering They have an active 
corkscrew motility in fresh blood preparations They arc stained by 
the usual bacterial stains and especially by the Romanowsky blood stains 
as well as by silver impregnation methc^s Individual organisms may 
have a beaded appearance although a majority of them stain uniformly 

The organism is found in man and animals m the blood stream and 
cerebro spinal fluid At autopsy it is usually especially prevalent m 
films made from the spleen and sometimes from the liver In the insect 
vector the louse Ptdicultu humanas it is found first in the gut and later 
in the haemocele In the tick it is found first in the gut later tn the 
haemocele and later m the tissues and organs including the ovaries and 
ova 

Leisbman first described a bteakiog up of ibe spirochaetes in the alimentary tract 
of the tick into small granules which penetrated the malpigtuan tubules and the ovary 
He regarded these granules as the infecting agents and suggested that they represent 
a phase la the life cycle of the spirochaete This hypothesis has received 
from a number of mveati^ators However according to y\enyon and Southwell (iMol 
It has not been definitely substantiated and the infectivity of the granules must still 
be regarded as sub judtct 

Culbvabott. — Noguchi succeeded in obtaining cultures of this organism by using a 
medium containing ascitic fluid blood and a bit of fresh sterile tissue and incubating 
them anaerobically Cultures have since been obtained in media enriched with serum 
or blood without the addition of fresh tissue However cultivation is sometimes 
unsuccessful and it is not a practical diagnostic procedure Several workers have 
repotted successful results with egg media Manteufel and Dressier (i933l report 
excellent results with pieces of allantoic membrane in Tyrode solution in which strains 
of ^ Atr^dntca remained virulent for at least 38 passages 

Oag (1939) and others have reported that^ duUeni maybe cultivated m developing 
fowl embryo Oag has cultivated a strain continuously for to passages over a P”*® 
of one month and obtamed abundant growth The spirochaetes invaded the bloo 
stream 0/ the embrj’o , 

Chen (1941) has also cultivrated the louse borne strain from 7 human cases s 
inoculating the spirochaetes into the cboryiallantoid membrane of hens eggs A man 

mum growth IS obtained by the fifth day 

Animal Inoculation — Monkeys mice and rats can be infected by 
subcutaneous inoculation The disease produced in monkeys resembles 
the human infection and the spirochaetes are demonstrable in large 
numbers in their blood during the febrile period The blood of infected 
mice and white rats also contains the organisms Guinea pigs are usually 
resistant to infection with many strains 
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Tbe strains 5 r Mduru first found in rod nts and inoculated into man and 5 
RormiiKdi also of rodents are now regarded as identical uithS if llont and transmitted 
by OtaUkoditrat 

TRANsjasiSioy 

Louse borne Relapsing Fever —The European Indian Chinese I\ est 
African and some of the North African infections arc cspeciallj trans- 
mitted from one individual to another by the louse Pedtculus humanus 
After biting an infected person the spirochaetes which are taken into 
the alimentary tract of the louse disappear within 24 hours The insect 
IS apparently harmless for the succeeding 4 or 5 davs At the end of 
this time spirochaetes reappear in the haemocele fluid of the louse which 
then remains infectious for a or 3 weeks It has been stated that organ 
isms may be present sometimes in the excreta of the louse through w hich 
the bite wound may be contaminated However some observers believe 
that contaminative infection b> the agency of the faeces does not occur 
(Blacklock igyS) Nicolte and others were able to produce the diseasein 
animals by rubbing the abraded skin with an emulsion of crushed infected 
lice after having shown that infection was not produced b> their bites or 
by the injection of their faeces U is generally accepted however that 
the disease m man generally 1$ caused by contamination of a bite wound 
or a scratch by the material from a crushed louse 

Chung and Wei (1933) transmitted the Chinese strain of S reeurrentis 
to 6 normal subjects and 4 patients with general paralysis of the insane 
Five subjects were exposed to the bites of large numbers of human lice 
known to be infected but no signs of infection developed Positive 
results however were obtained when 4 lice infected it days previously 
were ground up in saline and tins emulsion was placed on the skin of the 
forearm of a man who bad just been bitten on the same place by normal 
lice This patient became infected with relapsing fever after ir days 
incubation period In one evpenment the faeces of roo lice collected daily 
7 to iJ days after an infected feed were instilled onto the exconated skin 
of a volunteer but no fever was observed dunng 6 weeks The results 
of these experiments support the view that the biles and faeces are 
mocuous and the disease is contracted through crushing infected Lee on 
the skin 

Btumpt (193&) believes Ibat while lick borne relapsing fever has rodent 
reservoir hosts the louse borne disease has no host but roan Neverthe 
less the Mediterranean form of relapsing fever due to 5 htspaniaim u 
IS staled by dellucn (1936) and NicoHe and Anderson mav be experi 
mentaUv Iransmiltevl both by the louse and bv the tick 

Transmission by Ticks — Other types of relajising fever arc transmitted 
bv ticks especially of the genus Orif^Ao</oros of the family fRG ISfD \F 

TkV borne rtbpsing fever occurs *spt«i»nr in »outlie«Ura ml Ceou*! Alrrca 
wbrreO noxSoti u the uaportmt InussultcT oevbe ery O i4-4t>i7\ 

and m Tusit where O b lornm oaled in Vpam aaj Morocco where O iwj »- 

4 w u invol -el md m Ceatrsl \sis And Paleetice »h re O fifu, fti crO tLveto 1 
(Iran) li ihe tnoittutter in north ra b>'ulh \inet -a a 1 Panama Central Vmtrica 
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above a coasiderable number ol straua of the parasite have been descnbed aedei 
diSerent names and as new species In tome of these diSerent serum reactions have 
been reported and a number of them are known to be transmitted by different species 
of blood-sucking arthropods Sebuhardt has found that in the tick borne 5 lurtcclai 
itram the spirochaetes developing at the onset or at relapses consist of multiple 
antigenic varieties which undergo further alteration in rats as antibodies are developed 
against them Brumpt suggested that it might be better that the spirochaetes should 
be classifed on the basis of their arthropod hosts Dims (1942) believes that aspeci 
ficityeaistsamingO luneoia O patini»ndO and their respective spirochaetes 

The most important of the relapsing fevers in epidemic form is the louse borne oee 
of Europe due to S recurrrnfir £ btrbera of the North African disease and 5 
tarlen of the Indian relapsing fever ate transmitted also by the louse Fedicului 
kumanus as is the strain producing rclapsmg fever in China Apparently no eipcn 



tropical America 

S dulloni the organism encountered in the severe Central African tick fever is 
transmitted by Omithodoros monhata S ftrnca found in the Persian disea e ana 

northwestfndia and5 Aupunicoof South Spam and Morocco are transmitted by t^cks 

of the genus OrnUlmdoros but accordmg to Delanoe the Moroccan spirochete 
slightly and he has proposed the name 5 i8<i«cano for it It is transmitted by 0 
tnarocanus orO errol'fwJ de Bnen and NicoQe however have found that the Spanish 

form may also be transmitted expenmentally in animals by the louse 

The South American forma due to 5 mttxueltnst and 5 neotropicalis of Panama 

ace also transmitted by ticks 0 nnc udtntttmdO lalaje and the Texas strain termea 

S luruaUt by O turKala However the Panama strain is not tran missible by 0 
turicata and the Texas strain not transmitted by the ticks which carry the tropiMi 
Panama strain In California the stnm encountered is said to be ImmunologicaUy 
close to the Texas form but its transmitter is O bertnsi and it seems not to be trans 
missible by 0 r«r«ca<a (Chandler 1940) Maaiolli (1943) says 5 ten«( 
be transmitted by 0 « » im„ 




THE TSOPJCAL S£lAP*i|hC fE%XBS 333 

they dll D»t tbink tbe spirochadts $urv»cd tiwie for long penods »B(I they did not 
6nd thfin in ibe malpigh an tut>« and Mbvaiy jliB I* TTie bitrs of tb« loft ted bed 
bup were not infectious for SQuirre’s Fnrets {rpjS) ba» found that wbi e mice may 
become infected folionins tbe ingestion of mfectH bed bup and obtained successful 
r(sulis{n40f8expenirerts«bealbebti$ait'(ref(dfo«b)teini e tbe incubation periods 
>n the mice being from 4 to 6 days It was found that the white mice readily attacked 
and ate the bed bup 

Francis found that it vas not po atble to transmit mfeition from monkey to monaey 
by means of the monkey louse ItJttmiu foagiceyr 

Other Means of Infechon.— It w recogmzed that the spirochactes of 
relapsing fever are cjpibJe of penettaltng mucous membnipcs as the 
conjunctna and there have been a number of reports of infection occur 
rrg through the entrv of infected blood h> accident into the conjunctival 


Chung and ttei (,19 ji) have found that by plirin„ tbe eontenta of body bee fed on 
eases of cebpsing fever intn the eonjunetivaeof j hunua ladividuab r of them betame 
infreled with rel psing fever after au uicubatioo period of 8 days L Abbate and Man 
Binofigjtiba e reported a ease nwhublbeybeh seiransmusionoceurredbyinfeeted 
tilxidha ingrntered thenoalr lofooeof them Insomeiorunresit has been reports f 
that ibe parasite apparently might even [ass ilroofb skin that nas apparently norma) 
IB appearance iloaeser m other tostancea whena largenumberof apimchaetri were 
put on the norma) ikm infeetran d d not occur lliut Chung an i it ei (>9jS) ea 
ocea (oni in which larpe numbers of 5 r uruHfit wm dropped npoo the ikia of a 
paiieat with genera) paratysis of the insane found that infeclios with relapsing fever 
did n t follsw They also rnade sarvos aitempu (0 infect patients by placing the 
contents of infected bee in (he mouth wb b gave uBiformly negative multi flow 
ever J jeui and hautet (>9j3) have reported Ihtt ufec) on has bceo produced m rats 
byfe hng them nitb the brains of other rats lofecied nith^ Julitu Thyfoundthe 
infecti n produced by feeding had a fonger mcuhstioii pen >d IIW'U days) thaa « hea 
nfecti n «as produce) by Orei/W/ra Francu as noted tb< e also found iliat 
wh te ro ce becanie infectr 1 front eating infected bed bugs 

fVth in pregnant nornen an I precnant enimals tbe epirocbaclci have been ihonn 
I be capable of passing through the plaeenU and infecting the fiielus 

RtUhonship of Tick borne to Louse borne Relapsmg FcTer ~U has 
h«n stated (hat tick borne rehfwiog fever is not inactive for the louse 
(I-au?! 1037) hettR and Chung (to^y) suf^rt this view and found 
that 5 rtiurrrniis (a Chinese strain mnsmiltet} normal)) b) Jicc) cannot 
be raainiained in verv soung or adult O moitbala and the) SJgsest that 
5 ftnirrenUt is bioirgtcally difTrrent from the slram tratisnutted b) the 
tick However ManteafeJ (ipeS) found that he was able to transmit 
tlie h uropcan strain of relapsing fever (a Kuvsian strata) to rats through the 
bile of esperimentallv infected O meubato and Neumann figo6) reportevl 
success in tnnismitting strains vksenbed as \mencan and Rusvian 
of 9 rcturrrwfw to mice and rats through the bites of the same tick 
NtcoUe m studying the Mgenats form S brritro ind the Sudanese 
S ae^v/htaw) which arc louse borne «« able to transmit the inlecti n 
b> the tick O ♦oarc auuj which infested the burrows of a num)icr of 
foiJcnls an ) he also transmitted the trtfeciton b\ this tick to rwee and 
rats \iso the Sjvamsh form of rriij stng fev er is Itnow n to be transmitted 
b) O wta AjiTwr in 1 0 erra.i ki as has been shown bv dclfuen in 
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where 0 r<n«Hf/eni»j and 0 fa/aje are concerned in Jlesico Tews Kansas and Ot!a 
homa where the species O luruala transmits the infection and in California where 
0 hermst is concerned In these ticks the spirochaete is congenitally transmitted 
from the adult female tick to the offspring and sometimes to the third generation One 
case of human infection has been reported attnbutable to the tick O farien Dans 
(1941) T Mazzotti (194a) reports personally that 0 unezuelensts so far has not 
been found in Mexico and not in Central America except Panama 

The tick after feeding upon an infected human induidual ingests 
the spirochaetes svhich quickly diminish m number and disappear from 
the gut passing through the gut wall Thej enter the haemocele and 
become distributed in different parts of the body particularly in the cells 
of the gut the malpighian tubules cotal glands and salivarj glands 


They have often been observed m the legs of the insects In some 
instances, the ticks may be infective vvithm an hour after the ingestion of 
blood containing the parasites The parasites later multipl> and after 
some n eeks may be found m considerable numbers in the haemocele fluid 

The most common method of infection of man by the tick is disputed Hindis 
(1931) and Brumpt (193d) regard both the coxal duid and the faeces as infective ''I®' 
Manson Bahr (1936) appears to regard the faeces as the chief source of infection 
Blaeklock and Southwell (1938) state the infection is usually held to be centaminsUve 
but the inoculative method by infected sabvary fluid has been proved for 5 
Bonnd (1938) who has performed numerous experiments in transmission with 0 
moubcta believes that the salivary glands do not become mfected He obtamed 
negative results from the bites and also with the faeces of the tick and he considers uat 
the coul fluid alone is responsible for the production of infection 

Wheeler (1938) however made experiments on monkeys and human beings wits 
0 hermst and found that m the posiUve cases tbe infection occurred from the bites of 
the ticks via the mouth parts as no coxal fluid or faecal material was exuded by tbe 
ticks either while they were biting or immediately after detaching them Francis 
(1939) examined on many occasioDS the coxal fluid which was secreted at the time of 
feeding of 0 luftcotii for the presence of spirochaetes with negative results nor wuld 
spizocbaetes be demonstrated in white mice mto which coxal fluid was injected Feng 
and Chung (1938) found that natural transmission of 5 dullom to mice by 0 
might be produced by the bite of licks alone before coxal fluid was passed and by both 
the bite and coxal fluid together but that the faeces do not contain spirochaetes and 
are not infective Francis (193S) has found that relapsing fever spirochaetes will sur 
vive within ticks of the species O luncata for as tong as 6H years Previous investi 
gallons have shown that the species O moubo/o may harbor living virulent spirochaetes 
for over a year When ticks are kept at low temperatures the spirochaetes often fail 
to increase sufficiently to render them mfective but if kept at 30-37 for ^ f*’'' 
they then may become mfecUve and retain such infectioQ even at temperatures 0 
5-8 C for 3 months 

Bed Bugs —Transmission by the bedbug Ctmex leclulariut has been suggested by 
a number of mvestigators Tictm (1S97) demonstrated that the European mfection 
may be transmitted to monkeys by inoculating the contents of crushed bed bugs which 
had fed on a patient with relapsing fever Nutall also transmitted 5 recurrenlis from 
mouse to mouse by crushed bed bugs However Bunn (rpsj) failed in animals to 
produce infection with bed bugs except by moculation of the contents of the emsbed 
bugs Rosenholz and Francis (1932} found that S recurrtnlts would survive in bed bugs 
for over 5 months They obtained transmission to white mice by injection of the bugs 
lOo days after their infective feed but foiled to obtain transmi sion by allowing the bugs 
to feed on white mice Chung and Feng (193S) found that the gastric juice of the bed 
bug appeared to be detrimental to 5 reearrentir most of the spirochaetes ingested 
b-me killed within 24 hours tboughoccasionally a few were found to survive for 2 days 
m the stomach They however found the parasite m the legs and coelomic fluid 0 
bugs as early as iH hours after havnng fed on a patient with relaps 
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linifj with « pulviDuj Tb« nymph h** atigma} pUt« but haj noycm tjl opcmag •hile 
tJie lam haj jieithet geoit*! aptrtuwi nor <sn6c« 

Life History — Tbis larjfs wi(h Alferert ticks That of £?f xuara/oc may be (aken 
»s tcpinenUlive of the group Aftec the have tucceedrcUn reaching* a« table 
boil they epgorge mating wun and they drop to the groi,nd The mal a die at once 
The females deposit their eggs in some protected place airay from tbe host tod then 
they abo die From jooo to 8000 ecg* «re deposited to tbe course of • month fThe 
BUinber of fggt vanes from t or a kuadred (ft ttie \rgasidae to ro 000 in certam of 
tfefaodidae) After * period of deseli^roeit of » month or ni>re a sraall 0 leirgtd 
larva { seed tick ) emerges This cnols up a Made of gntt and *siti until it can 
attach Itself to some paisini» animal It ibco engarges and wilbin a lc» day* drop* 
totbeground If reft unde^oesfuttber dewtl-pmeot (orseseral *eeka fiaiUf moult 
mg and becoming an 8 legged nymph Thia m turn climbs up a grass blade or a 
trig and anaits anotber passing animat (the treoad host) It fortunate enough to 
reach one it engorges and again d'ops to tbe gfound and after several reek* de flop 
nenl moult* and become* a mature adu't Tha nust gam access to a llurd host in a 
similar manner to complete the cycle A female tick may ingest too lime* lU weighs 
of blood 

The length of the life lyil aries gseatly »iUi the ipecic* ard mth weather condi 
Ivons Jfi tbe case ol O tnJrr ««« st » o\ t 1 yeats the tick passing the 1 1« winter 
as an unfn) nympb aad the second wusirr as an unfed adult in ether specie* tbe cycle 
s completed in a season Umier may be passed in the egg stag The estnordinsiy 
ctpicity of the ticki tosursnerur ati n conpensates m part ! r tbe unirrtsmcyand 
(requert delay tn reaching a host larvae have survived to 8 nvnrhs and adults 
j to j years without food 

Many icrulKins from th s ijpeof cycle have bernohseried Inxpgthe trgssida 
iheadufii often engt rge and irate seiersi <»rr* on diSert’it bisis In some Ixodidae 
(he larvaeind nymphs and even tbe adultsalso may vomp etc their deiel pmentaaa 
single host fra mg onJy fit uvipusiiiofi ( tw host or one b st ticke) ta aome 
specKs the n airs d > not bite and their oraatb pstts art rudimentary 

CLASefffctnos or LkoouiDEa 

Fanulj Argdstdtte -'UcAti conccalcil b\ boii) nhen vieircii ciuriuifly 
No scutum Sdsnul plain between third snii fourth Ic^s Xdufis ha\e 
no sutkers ipuI'iHus) beneath t.la«s ''light secual dimorphism Anus 
near nnddlc of s enter Shm rough 

These tick arscbiedv paras Its ol buds Ists tic and oc as'wally f man living 
andhreedng r the ncslsor fair of (le r hosts loot cbthev ha trCia) ef) readv access 

Cesu* Argaa— Body oarraw III triml Margins tbin and shsip No eyes- fios 
iniir aome d stance hehin i anterios marcui «l Imdv i y / «i ( t m tvi)/ the 
■viminon fowi uck fVfuna bug) tnosm 1* ap nilwa of fowl ft hat been suspected 
I tnnsm It net f rm of relapsing fever in I rsu 

Genus Onuthodoroa— pojy «va| nurgot rouBled Skin has many irregular 
(uhetclrs Bo tram c <n with anlersw tnargua of body an that ends of palpi { loyecl 
|5 ghCly 

Ttir Most farosM>T Tteks COscERvtD js TKiNbujssiuv 
OrsiJi&doros tnoub#ta (the wropan' is sen common id Mnca 
from I gattfs ami SomaiiUnd in the east an I the tonfo and \ncib in 
the West to \amsqjaUnl and through the Transixil in the bouch 
Requarrt 11930) /lund no reend of Us ovcuirmce south of the Orange 
Kiicr Ordifsn has foun J u «n«{el\ jUaltibuled in the northern transval 
where cases of I'<!ap»mR fever are cwnnion It is also common in 
N\ac.i!ani} Ii hi<aI<o been fiund in the North Western coast of \fada 
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and monkeys and guinea pigs have been infected by its bite Howtiet 
if lice were allowed to feed on a monkey so infected such hce vheii 
crushed and placed on the scarified skin of normal monkeys, jaf ected thto 
Nevertheless infected lice were unable by their bites to convci the infec 
tion It hence seems clear that the Spanish form of the disease was trans 
missible expenmentally by both the bee and the tick However deBuen 
could find no evidence that the disease was naturally transmitted in 
Spam by the louse He believed that this strain of the organism was 
maladapted to the louse as it had become habitually tick transraitied 

NwMe *ad Anden^a havt studKd the tick bouse rehpsiog /fw cl Spam 
transmuted by Ornxlkodores nisrotanus and succeeded in mlecting tnoaVeys wiib this 
strain in the toltoning way Guinea pigs and monkeys were mtected by spirocbseu 
coaUming n ts They then bad lice feed on these infected monkeys Bytikiogsach 
hce crus^Qg the bodies and tubbing the maitnaS into abraded areas of the skin oE other 
monkeys or by introducing the matttial into the conjunctival sac they reproduced ibe 
infection Efforts to transmit the disease by natural bites of the hce faded completely 
They suggest that relapsing feser was otiginally endemic and transmitted by ti ks Ut 
with the development ol a new host an the louse at became epidemic and world w'd* 
That the primary vector was the tack o( the genus Ornttheieros » supported by the fact 
that many strains of relapsing fever can be transmitted by various species of ticks or 
thi genus 


IxooiDEA (Ticks) 

This superfamilv of the order Acanna is of great interest and impor 
tance medically and some knowledge of ticks and their identification is of 
importance from the standpoint of public health 

Ticks differ from insects in having 4 pairs of legs only a {aits of mouth pacu 
and no antennae They differ from other acarines m having a median probe i''ap« 
puncturing organ the hypostome which is beset with numeious teeth projecting back 
ward and in possessing stigmal ptates The head or capilulutn or rostrum is tw 
part which proj cttanterwrfyfwm the body This carries the pieremg parts whi hare 
the single hypostome or dart and a pair of piercing chitia<.us structures Ibe cbehcetae 
which lie above the hypostome As a sheath for the e delicate biting parts them u » 
segmented pair of palpi or pedipaEps The mouth is a slit between the cheiicerae tel 
hypostome . 

When the tick reaches a host it first tears a hole j& the slon with th cheiicerae and 
then plunges the hypostome into the wound continuing Ibis process until the latter 
IS completely embedded The Rcurved teeth ancfior this so firmly that if the ti k w 
forcibly removed either the hyposfon>e>s tom oS and 1 ft in the wound or 
skin IS torn out with it 

There are a depressed pitted areas on the dorsal surface of the capitulum w tie 
adult female Vnoivn as porose areas The stigmal p’ates are striking mosaic hke areas 
which ate located just posterior to each hind feg m the Ixodidae and befweea tic 
third and fourth legs la the Argasidae The imcroscopic structure of the stigmal plates 
has been shown by Stil to be of great value in differentiating the vsnous species 
especially of Zlrrmacenfar The atigmal ori&ce the opening of the tracheal system w 
in the center The liodidae have a acutum or shield like chitmous structure t® 
dorsal surface It covers almost the Entire hack of the tick in the male but only a i»au 
portion anteriorly in the fenale The genital opening 1 toward the anterior part of 
the ventral surface The anus with antetMi or posterior ansi grooves is near toe 
postenot third of the venter The legs have 6 segments the coxa being fetteoed out 
M the surface of th l»dy and the Urnunal tarsus ending with a pare of hooks and at 
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gsscar and has been seen somh of Lake Chad by Close! There appears to 
be no other record of its existence in the Sudan It is the on!j species of 
the genus know n with ccrtaint> from the Belgian Congo b«t jt has hard!} 
entered the West \fruan and Congo ram forest where it occurs onl) in 
a few of the larger clearings of the Itun basm 

TheUraileisreitwul i> ram tong they have* Jeatherycwticle coveted with m ante 
lubercles and flat roundtd proeteses OR the tegs Ttpere are bo eyw The ticis sn/est 
lh<ftaU\ehuti partKuhrly the Tttt houses akmi the routes of travel hiding m crevices 
of the floors and walls d««ag the 41/ tad <onimg pet at Bight to hite the sleeping 
inmates Both sexes bite man }t requiKs more ebaa an hour to engorge The 
lemsles i»y about too eggs The Um develops to the nymph stage before leaving 
the eg" liul the nyraphs bile several times bt(oK maturity and the adults tnte 
repeatedly 



P* 6-0 a {» J m 6 I tMure y from D fl n > 


nus tick n the intermediate host of Spirochaeu (South \fncan 
tick fe\er> Both adults and nsmjdts transmit the infeclioti The adult 
maj transmit the infection through the egg to the young njeoph even to 
Ihe third generation according to MbUerS The organisms become dis 
tnbuted throughout the tissues of the tick including the salivary glands 
The infection is conveyed by coniaromation of the wound with coxal 
iluid and ffobabh also dircciis by the bite 

VaUresK*ra to sufler severely from tKbfe w stbil Ibood but m adnlU fe posseu 

a lultcunt degree <sl iminuRKy to (bat tb d <ea<e ah ws itself m a very mild < rm in 
ihw baiborwR spirothaftrs Tkit can be mfretr 1 by such cam rs Jn swin of ih 
rtsi houirt the maj nty f the t cis may beiaf cted Wfcitetb l k d les tmt tead to 
I *v« Iti habit l«n it may t* trifi potted in lb tiuad et of lutiv fvirters 

O lo fvjn a cknely allied sprcKS d i en in (be present of eyes It has been 
repoHedfromleypt AbvMinu S.mallanl B t b flast tfnea Khodn-a. Tanganyil* 
Temt ty etc. as »eU as from Soatb ni \ la. It t em re d umal la lu bab u and bas 
(rrepieniiy been found in e-arlitt pt e»* and ca(tte staB !v !( may dutaicuubed 
iron O asaaKfia not only by tb fact tbaS it bat s pairs el eyes pauaearlh haaeof 
the month pirti aoj the other Ulaeea the zad an { ytd co u it atan has laryer processes 
on the ten and * more minui* puted dorsal turlace It ba* been d esoBstrated to 
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•ncks 



jfjg yj — Diagrammatic key ift ticlu taod fied from LaJidle IneJudes Ixodes* 
(NUles clothed on all **> r ventraj surface with anal plates »n unev ti numbers Ros- 
trum elongate No eyes > Rhiptc pbaleae (&fa!ea having anal plates in P*'^ 
Rostrum may b« long w short Eyes present) Ambiyomm e (Males w thout 
anal plates > 
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lo have been introduced b> Senegalese troops from Sjiia * Over crowd 
mg lack of proper personal hjgienc especially lack of bathing and general 
increase and dissemination of venmn common under such conditions — 
in addition to lack of nourishing food leading to lowered resistance — all 
contribute to the development of epidemics of relapsing fever Scott 
{1939) points out that in India epidemics have been frequentlj started 
in crowded prisons and spread later to the population outside 

The spread of the disease also is especially dependent upon circum 
stances favoring the propagation oj the tnlermediale host cither the louse 
or the tick and its contact with man It is in general the louse borne 
infection which results in the most serious epidemics and this is especially 
evident in the history of the occurrence of the disease not only in Europe 
and Asia but in different parts of Africa and m the United States In 
(he louse borne disease during epidemics there is apparently no mam 
malian host but man but in tick, borne relafBing fever there may also 
be rodent reservoir hosts 

The tick borne disease is most widely spread throughout tropical 
\frica except in West Africa and most of the Congo ram forest and in 
Northern Africa Hut the large and severe epidemics of relapsing fever 
that have occurred m that continent m recent years have been especially 
in North and West \frica where the tick Ornithodoros moubaU is not 
found or does not prevail Thus 3 particulariy virulent epidemic which 
commenced in Trench West Africa in upper ^negal in 19?! and persisted 
throughout 1914 was apparently louse borne It was thought that infec 
tion had been introduced from the Me<li(errancan area since the first 
cases occurred at Kouroussa among soldiers from Aforocco and Mgiers 
It spread down the Niger to Senegal and the French Sudan and extended 
southward to the Cold Coast and Nigeria During 2 years the deaths in 
the French Sudan md the Niger were estimated to have been between 
So 000 and 100 000 101924 It extended into upper Senegal with 20000 

deaths Ily September 1926 it had extended to Darfur and in one dis 
tnct alone Atkey (1929) reported loooo deaths among a population of 
4S 000 Altogether it was estimated that 10 per cent of the people died 
the mortality varying between 5 and 25 per cent According to the 
reports of Tiding and MacDoweli (1927) in the outbreak in the western 
Darfur I rov ince it earned ofl one fourth of the population the case 
mortality was said to have been nearly 73 per cent Cafircy (1927) 
points out that all the evidence was to the effect that the disease was 
transmittevl m Nigeria by the louse reJuuius ktimanas The incidence 
rcachol us height in Mareh when the relative temperature and humility 
were said to have furnished ideal conditions to favor the bionomics of 
PfJiculus Onlv a few ca cs were found during the season of heavv 
rainfall During the epidemic on the Cold Coast in 1924 where O 
mMthjlj also ir not known Ingram proved by experiments on himself 
an 1 on volunteers that the infection was earned by lice In Nigeria in 
10 6 there were S14 caves jo of them fatal and in Lganla the »ame 
vear m ire than 1500 cases were reported Epidemics of the louse borne 
\« tl si aif-arut tN»i n SrjMil im Un e tet nccarrol in f ummn 
ku t j \\ H \\ T I 
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serve as an intermediate host of ^ dnttoni not only in parts of Africa but also in south 
western Asia 

According to Moise (1938) the tick Orn%lhod 4 >ros saninyi transmits the relapsioj 
fever of Abyssinia However Kirk (i938)wasnotablc to transmit the diseasewiththw 
tick and believes that the mfectwii there is transmitted by the louse '^pirochaetts 
were found in the lice fed on infected persons there and the infection was transmitted 
to monkeys Also Clinton Manson Bahr and Charters (194*) have shown the disease 
in Abyssinia is transmitted by the louse and is a severe form 

Ornilhodoros lalaje may be distinguished from 0 moubata as the rostrum of the 
former may be hidden by the wing hie appendages of the comerostoma while in 0 
moubala there are no wing like appendages and the rostrum is not hidden Also in 
0 talaje the body is attenuated into a blunt point anteriorly while m 0 mubala the 
anterior portion is rounded and almost as broad as the posterior 

Candido Carvalho (Jr ParanM April 194*) says bats carry this species into the 

houses in Brazil 

0 heritist has been described as a new species by AV heeler (igji) and is the vector 
of relapsing fever in California Our knowledge concerning its distribution is still 
meagre but it has been collected in the Sierra Nevada and San Bemadmo ranges at 
elevations of from about 500a to about 8000 feet It appears to be typically s parasite 
of rodents but like other species of the same genus feeds freely on a variety of expen 
mental animals as well as human beings Herms and \Vheeler (1936) have tikm 
numerous specimens in all stages of development (except larvae) in the nests of chip 
munks in cottages used as summer homes in the mountains 

This species of tick is rather small compared with others of the same genus The 
female measures fiom 5 to 6 mm u» length by 3 to 4 mm m width whil the male is 
only slightly smaller and resembles the female It diflers from Ormihiores 
(Panama) a close relative m («) the absence of large discs on the dorsum (&) the 
characteristic sculpturing of the integument (<) micro copical differences m the stnic 
ture of the integument (J) arrangement of the dentition of the hyp^’^f^ 
absence of lateral dap like borders at the margins of the capitulum (/) the shape of the 
cheliceral teeth (g) the shape of the anal grooves and (A) the tarsi bearing diagnostic 
protuberances 0 hermsi also differs from Orntthodfrts tenr ueltntis in (a) the sculptur 
ing of the dorsum (J) th<* protuberances of the tarsi («) shape and position of anal 
grooves and (<f) the dentition of the hypostome It further differs from OrnilkodMo: 
turtcala (Texas) m (a) the absence of clubbed hairs between the mamillae (i) the 
arrangement and number of teeth on the hypostome (c) the decidedly smaller hypo 
stome (i) the arrangement and number of protuberances on tarsi I and IV m par 
ticular and (e) the smaller size of the adults From observations in the laboratory 
where the material was kept at a constant temperature and humidity Herms and 
Wheeler found that the number of eggs deposited per female O hermst ranges well over 
00 deposited at intervals in batches of iz to 140 from Mav to October Davis has 
found this tick also in Culorado Oregon Washington Nevada and Idaho (personal 
commurucation 1044) 


Epideuiolocy 

In Eniope relapsing fe^eI has been especially a disease of the poor 
and more indigenous classes and there hav e been frequent epidemics during 
times of famine Thus it has long been known in Ireland under the name 
lamyne lever and. xnrne of the eaeUec Ituiian. epidemics as in 1865- 
1877 coincided with times of famine Howeier in other epidemics m 
India famine has not apparently been an important influence Dunng 
recent years wide spread epidemics have occurred among the famine 
stricken refugees m Central Russia Nev ertheless it should be emphasized 
that starv ation is only one of the predisposing factors and that numerous 
epidemics have occurred in which there has been no association with gen 
eral farmne among the inhabitants In wartime relapsing fever has 

sometimes been a scourge of armies in the fleld During th 

It was prevalent in Serbia and later m West Africa where 
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In Panatru Clark ind Dunn have fonnd tlie squirrel monkey 2>on{orr&ii> {ee/reyi 
naturally infected with 5 tent^utl ntts which was proved by inoculation to be trans- 
missible to mas About loper cent ot the opettniensot opossum [Duielp^ mo su^iof i 
< (rnius) were also found infected with spuuchaetes O tolijat has also been found 
on this opossum and on Ratiut fallui and the nymphs may convey the disease from one 
rat to another In the southern Hetpan C ng l«> several pecies oi wild rodent 
hvvc lieen found to harbor the infection 

% fiev ( und gerbits i fectrd in Middle ksia with a i>ecies he named 5 fjfyntc- ■ 
and which he iransm tied by direct innculati n to tnan 

On account of these different factors there is not the same seasonal 
incidence of the tick borne relapsing fever of \frica as is obwned in the 
louse borne forms nor do they usually assume the epidemic character 
that has occurred in the louse borne form It however has been shown 
b> CunlilTe (tgji) that an etcess of moisture is decidedly unfavorable 
to the vu\lity of the tick. O maubalu and hence it is found particularly m 
native houses where it is protected against excessive humidity 

Epidemiology In the United States —We have recently acquired much 
epidemiological knowledge regarding the tick borne disease m the United 
Slates In central Texas the disease i> transmitted to man bv ticks of 
the species OrMirtcxfertu iurtcata as was first shown by Weller and Graham 
in jqyo Tor the s year period iqio-iqts Kemp and his associates 
collected 2 jS cases in Texas with no deaths though m 1935 and 1936 one 
death from relapsing fever was reported by the t S Dureau of theCensus 
for each of these years In Cahfornn }$t cases of the discs e have been 
rrporteiUiQSi tgaibvnecki In California the infection I'transmiltetl 
by the minute tick Ornilhniorai hrrmu (W heeler » whith is no larger than 
a betlbug There iv consi Icrable varivnon m the c in liiions umler which 
these a ticks ire found in nature 

O In Kdij tnntniiUin^ th d seaw m Teus bas been loui d rvpccuHy n ca n n 1 
uvcihang ng Irdm produerd by wat r cmion of nvtr b nks some of which have a 
tu nsinlal dqilb of oaly a few < rt to pechapa >0 fret Tbey have a ce ling of cby 
oandstone or 1 tneil n« which may not be o cr * f t in height Th fl'oruco ered 
wilhdry powdery dust ot uni «h cb may teach • depth Isinches Th nira celo 
some of the leiJ ei may dmit man and animals freely Other ca ta b ve a bon* ntil 
I pih of from so to 500 f et Th* ceiU Ks and ■ Us art of u ristone t d may l<e 
Watt 1 ae eral miles from t ft e ns TkSs Waleil ui the du t ot the caves ha e an 
a Irantaspoua pn) tion f r atlachm nt I the legs f pu e nimaU of of maa Th 
ca es kKalnl ui proximity to rl ers are aomelimesaufa] ctnl t Go> J wal r Th iKti 
are protiably train ported at times i y such water to cons derably di lani {la es 

hrancii (1934) h s earned n b^raiory obseevaU ns ext nding n {ears pm 
iKki enti cird from suefa caves in Texas m on nthasf nd that the ip r><haeles f 
reUpung fever have survived within a <h ticks ihroughnut a pen lof tVjye rs In 
14 of the original ticks all fen ales sxtvl nt ap rocha tes were itiU prevent lie l«i 
iounl that these t cks hart rerd virvi Dt V cxkoela ifiTrKi aflei 5 years of tana 
ti n 1 1 Iran niltril r lap gf rrtam kyn »hi h Ih y leil l> 041 
t feiTts Wav transovsrval ira m 1 I jirwh lev h s t he lU Ih "ugh 1 
I nerali f r> 1 a. i 1 t ng th t ih li k itvelf pi y le a m c ent j irri 
ch Ul tev noir than th t 1 th—t 

The importance of th se Wnal s from the virmpuit ( raitc t n of Ibe 
djease It apparent »mce o trol m ores enJ t eetk n w Ih IkIi h g Li caves and 
b ing In roil nt burrows hatU nog nil t spirocha trs in th r (a liag te>d.es lor 
S years an I In ibeir fel 1 ■». es f d'a ye t* ( wd jrolii l» kroeer) and Iran ta itipj 
the infrttk n ifctoujh th ecx t ib t general n ot tKka 

me eipencierti with th Vfrwa pecie« Or ikjJrrt mnitU have sbosta that 
tk species wh o fM Iron- time t I’we IwwTl ca Vaga % years ' 
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types ha\e also been recorded by Nogue in French West Africa in 19:5 
and by McCullough m addition to Cafirey in 1925 and 1926 in the Gold 
Coast and J«igena 

It has been know n that the relapsing fe\ er present in Northern Ni„cna 
and French Equatorial Africa for some years has sometimes arrived there 
in all probability along the carav an routes from Morocco or Turns How 
ev er, there seems to be some Quesbon about the spread of the disease in 
Dakar Mathis (1927) who studied the outbreak in Dakar, emphasues 
the absence of Ornilbodoros, but the manner in which the disease was 
commumcated at Dakar was not clear to him However, a species of 
spirochaete (S crocidurae) was found in the shrews {Croadura shmpftw 
Jentink 18S7) and m seardiing the burrows of these ammaU he succeeded 
in finding the ny mphs of an undetermined spcaes of tick w hich he thought 
might be concerned in the transmission Nevertheless he transmitted 
the disease from monkey to monkey by means of lice Other observers 
bad apparently been unsuccessful in finding Ormlhodoros m Senegal 
However Dureaux (1932) succeeded in finding 0 erra/jCMf m that region 
To what extent it comes into contact with man is not clear The con 
ditions are considerably different regarding the spread of the tick borne 
forms of relapsing fever in Africa m which the source of the infection is 
usuallv confined to houses and similar localities which afford a suitable 
env ironment for Ornxlhoioros mouhala This tick infests the rest housw 
along the route of travel hiding in the crevices of floors and mud walls 
and thatched roofs during the day and coming out at night to bite the 
sleeping inmates The ticks are frequentlv carried long distances by 
porters in bedding rolls which have been used and packed in the infected 
huts The feeding of ticks sometimes occupies a long time and may not 
be completed in an hour Both sexes bite man The female lays some 
50-xooegg» from which the nymphs emerge in about 20 days Thelarviu 
stage takes place m the egg Shortly after emerging the nymphs suck 
blood ^n important fact m epidemiology is that the female transmits the 
spirochaete to its ova so that the ticks from such ova may transmit the 
disease 

In recent year* it ha* been recogniied that certain rodents may serve w aat^« 
reservoirs of infection of relapsing lever spirocbaetes OnnlAixiorfis rnouiaid 
at times the burrows of various animals especially the wart hog Dutton and TOOQ 
state that under natural conditions in the Congo this tick O noubala is frequently 
devoured by rats and mice and it seems not unlikely that infection in rodents mig 

sometimes occur in this manner Leger intgty found in the blood of a shrew w Dakar 

Croadura slampJJii Jentink (1SS7) a spirochaete to which he gave the name of 

troaduroe This spirochaete which wasidentical morphologically with the spifocbae e 

of recurrent fever was inoculated by \\alker and ilarie with success into J general 

paralytics , 

Nicolle and Anderson in Tunis also have demonstrated that the spirochaete ui 
rodents describedas5 notmandt isprobably ideiitical with duUam This orfeanisiB 
is virulent to rats and mice but not pathogenic to guinea pigs but the Au^iinK'* 

IS said to be also virulent for guinea pigs 

Russell in the Gold Coast has found the pouched rat Crttclomys samhiaxut ^ 
very susceptible to infection with S duUom and S t oadurae has been demonstratea 
by btatbis and NicoUe and Anderson to be also ideat cal with this strain 
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la Panama Claik and Dunn ha e found the squurel monkey Ufnloctbus geofroyt 
naturally infected with 5 rene «efe tts nhich uas proved bj inoculation to be trans- 
missible to man About lopercent of the qiecimens of opossum {DiJelpbis nta sap al 
(nttTisus) were also found infected w th spirochaetes 0 talajae has also been found 
on this opossum and on Ratius rattas and the nymphs may convey the disease from one 
rat to another In the southern Belgian Congo Iso several species of wild rod nts 
havebeenf und to harbor the infect on 

Sofiev found gerbil infected ui Middle \ la with a species he named 5 lafjsW 
and wh ch he transmitted by d lert mocnlation to man 

On account of these different Actors there is not the same seasonal 
incidence of the tick borne relapsing fever of Afnca as is observed in the 
louse home forms nor do they usually assume the epidemic character 
that has occurred m the louse borne form It however has been shown 
by Cunliffe (1921) that an excess of moisture is decidedly unfavorable 
to the vitality of the tick 0 moubala and hence it is found particularly in 
native houses where it is protected against excessive humidity 

Epidemiology m the United States — We have recently acquired much 
epidemiological knowledge regarding the tick borne disease in the Uiuted 
States In central Texas the disease is transmitted to man by ticks of 
the species Ormthodoros limecta as was first show n by W eUer and Graham 
m 1930 For the $ year period 1930-1934 Kemp and b» associates 
collected asS cases in Texas with no deaths though in 1935 and 1936 one 
death from relapsing fever was repotted by the U S Bureau of the Census 
for each of these years In California 2^3 cases of the disease have been 
reported (1921-1941 by Beck) In California the mfectionis transmitted 
bv the minute tick Ornilkodofos htrmsx (W heeler) which is no larger than 
a bedbug There is considerable variation m the conditions under which 
these 2 ticks are found in nature 

0 la ( U trsnsmittmg th di ease id Texas has be found especially id ca es and 
ovcrhaugiag ledges produc d by wate e os od «f nver basks some of which hav 
honzontal depth of only a few feet to perhaps « feet They have a ceiling of clay 
sandstone 0 1 m st ne which m y not beo er 4 feet in height The floor is covered 
with dry powdery dust or sand whuA may reach a depth ol 5 inches Tbeentra c I 
some of the ledg s m y adm t man and an mats f eely Other caves have a honzontal 
depth of from jo to joo feet The ceilings and walls are ol sandstone and may be 
located several mil s from a stream T ck loc ted in the dust of the c ves have an 
dvant geous position for attachment to the legs of passing animal or ol man The 
caves located m pro mtyt nets e sometimes subjected to flood water The ticks 
are probably transported at times by such water to onsidci bly d tant places 

Trancis (1939) has ca ned on I hot tory observations extending over 7 years upon 
ticks collected from such caves in Texas m 193 andhasfou dth t the sp i cha t so! 
rclapsmg fever have survived within such ticks throughout a period of years In 
14 of the original t cks all fern les imle t spirochaetes were still p esent He also 
found that these ticks harbored virulent Sp eduut ca I r after s years of starva 
I n and t a smitted relap ng fe er to a monkey o which they fed Da is (1943) 
r port th t transova al transm s n f spi ochetes has taken place through fi e 
general sns of O I l indicating th t th t L its If m y b mo Ific nt spiro 
chetal reserv th n the r dent host 

The importance of these obs rvatons from the viewpoint of eradication of the 
d 3 ase IS apparent since control meas s most reckon w th t cks hiding m caves and 
li mg m rodent burrows barbonn inilent spuocha les m their fastin'' bodies for 
5 years and in th ir fed bod es for 6H years (and probably longer) and transm tting 
the infection through the egg to the next generation of ticks 

(Some c peiiments with th African species OrnilioJ ro mo b I have shown that 
this spec es when fed from time to t m Iso will I e as I ng as J years ) 
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In California the conditions of ocnmence are different There the disease occun 
at elevations rangm® from about 5000-8000 feet and especully in the region of lakes 
particularly Big Bear Lake in San Beroadino County and about Lake Tahoe in Placer 
and Eldorado Counties Around both of these lakes there are a number of popular 
summer resorts and many pnvately owned summer cottages 

Wheeler (1938) has transmitted relapsing fever by the bites of infected ticks 0 
hirm t that had fed upon human cases of the disease to white mice and monkeys and 
other human subjects Seven human subjects were exposed to the bites of infected 
ticks and one of them bitten by 2 adults developed the disease after an incubation 
period of 7 days and had 3 febrile attacks spirochaetes being found in the first 2 attacks 
But of 7 rhesus monkeys exposed to the bites of 17 infected ticks only one monkey 
developed infection spirochaetes appearing after an incubation period of 16 days 
Evidently susceptibility to infection vanes grtttly in human beings and monkeys 
Wheeler also found it possible to transmit spirochaetes to white mice by the latiae 
hatched from eggs laid by infected licks However out of 672 larvae infested only 
2 produced infection heeler points out that this percentage is apparently suffi 
cient to insure persistence of the infection Clean larval ticks were fed on infected 
mice and later developmental stages of these ti ks subsequently fed on normal mice 
when from 33 to 48 pet cent ot the licks were found to transmit the infection 

heeler while conducting investigations in 103* about Packer Lake California 
accidentally smeared his fingers with the blood from a chickaree or red tree quinel 
(Seiuriii doHgfaiii) and there resulted a typical case of relapsing fever with blood 
smears positive for spirochaetes Blood smesrs made later from these squinels si 
well as from chipmunks (Eitfamw sp ) proved positive for spirochaetes and iitbie 
quent Uboratory inoculations of blood from these rodents mto while mice were also 
positive for spirochaetes kVynns and Beck (tqjs) have also given positive evidence 
that these animal constitute reservoirs (or the causative orgasiscns of relapsing fever 

It appears that this tick O iertnu m Cabforaia 1$ typically a parasite of rodents 
and like other sp eies of the same genus it feeds freely on a variety of experimentel 
animals as well as 00 human beings The female measures from 3-6 mm ut length 
bv 3-4 mm in width while the male is only slightly smaller Therefore it is small as 
compared with other members of the genus 

Altitude appears to play a very importaat role in California, as the 
cases of relapsing fever have been cooiioed to iDOuntainous districts o^et 
5000 ft m elevation The actual elevation however according to Wynns 
and Beck is of les signihcance than the climatic factors present in these 
particular location The wild rodents chipmunks and tamarack squir 
rel m which spirochaetes resembling .S' recurrenlis have been found are 
limited to the e higher altitudco also which is evidence in favor of their 
acting as the animal reservoir of relapsing fever in California On the 
other hand the species of tick mcrimtnated is probably not limited to 
high altitudes So m explanation of the peculiar distribution of endemic 
foci in this state the suggestion is offer^ that it is determined by the 
animal reservoir rather than by the transmitting agent Altitude ob\i 
ously does not play such a role in limiting the incidence of the disease in 
Panama and Texas Henre the conditions under which relapsing fever 
occurs in Cabforrua are very different from the endeimological ones which 
exist in Texas and tropical Amenca in both of which places ticks of the 
species Orntlhodoros are very prevalent 

Very large numbers of ticks have been found in the native huts m 
Panama and in one survey 4880 specimens were obtained from 68 huts 
and certain caves in Denton County Texas have supplied ticks in abun 
dance In Cabforrua however the ticks are found with great difficulty 



THE TBOrlCAL RELAPSINC PEVEttS 34J 

and never in Urge numbers If the ticks were more numerous in Cali 
forma and riere brought into closer contact with individuals there would 
evidenliy be a higher inridence of the disease on account oi the infection 
which is found in the wild rodents m Qdifornia The indications are that 
the ticks hibernate during the winter that they become infected in 
feeding on the rodent host and an disseminated in the spring at the time 
the rodents become active and Icive their nests Nicolle and Anderson 
from their tests upon relapsing fever in Tunis suggest the hjpothesis 
that the blood spirochaetes of man were originally parasites of small 
burrow ihg mammals and that rodents have in the past commonl> served 
as animal reservoirs of the disease 

Other Ecological Conditions — The prevalence of relapsing fever is also 
influenced by the different seasons of the year according to the favorable 
or unfavorable circumstances they furmsh for the propagation of the 
intermediate hosts In Southern Europe and North Africa the louse 
borne disease la usually a disease of winter and spring ending in the sum 
mti months In North China also the incidence » lowest in the autumn 
and begins to rise in December reaching its climax in April and May 
Naturally in the cooler winter and spring months the natives usually 
envelop themselves m thicker clothes and congregate together more for 
the sake of warmth They are not lable to bathe m cold weather and 
lousiness becomes prevalent The louse borne disease is uncommon m 
Equatorial Africa where particularly on account of the scantier clothing 
and high temperatures Ptdictilus humanus is unable to thrive Also in 
the very hot months of spring and summer m India the lice become scanty 
and sometimes are destroy ed by the high temperature Cragg noted that 
in India if the temperature in May falls lo or more degrees below the 
seasonal normal there mav be a narked development of lice and epidemics 
of relapsing fever This was true of the famine fever outbreaks of 
Bombav 

\\ uh the lick borne disease the seasonal incidence is different Thus 
in California and Texas the occurrence of the cases runs practically parallel 
with the appearance and disappearance of the rodents concerned m the 
transmission According to the dates of the onset the majority of the 
cases have occurred in June July and August An occasional case occur 
ring in the winter might be due to infection from handling a rodent 
perhaps encountered or killed on a hunting trip during the winter In 
those portions of Equatorial Afnca where the seasonal variations are not 
great there is no marked seasonal incidence of the tick borne disease 
Also a marked seasonal incidence has not been noted m the disease m 
the northern part of South Aroenca except that a somewhat greater 
incidence of it has been observed in the wet and rainy season when the 
native laborers and oil prospectors arc more confined to their houses than 
during the drier seasons of the year and where the ticks are encountered 
especially at such seasons 

Sex — The disease is more common in males than m females In a 
senes of 337 cases studied by Chung and Chang (1939) in North China 
the sex distribution was i female to 17 males Even after correction for 
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the ratio of admissions it was i female to 6 males This ratio was esp« 
cially probably due to the fact that most of the patients contracted the 
disease in army camps poor houses, and small inns where the population 
was etclusively male 

In California where the disease is tick borne there have been twice 
as many males infected as females With the louse borne disease in 
Europe the disease is also much more common m males than females 
and this is attributed generally to differences in the chances of exposure 
which are usually greater in males 

In a study of the disease in Changshi, Chang (1938) observed no cases 
in children below 9 jears He thought this was due to the fact that 
young children seldom crush the lice on the skin which is necessary to 
produce infection However in Peking Chung and Chang (1939) 
observed 3 cases in children under $ years of age but only i case in a 
child under i year Young children m China would not be admitted to 
many of the public houses and institutions occupied by adults \Vyiins 
and Beck (1933) found m California a tick borne disease iti all ages from 
4 years to above 55 represented among the infected cases 

Pathology 

Morbid Anatomy —The skin is often jaundiced Small haemorrhages 
may sometimes be noted in the nostrils ears stomach intestine, uterus, 
or kidneys The internal organs are not infrequently stained with bile 
The spleen is usually enlarged and soft and often shows multiple infarc 
tions The liver may also be swollen Parenchymatous degeneration 
of the liver kidney and heart mu cle may be present The eumination 
of sections of the spleen or liver often show the spirochaetes within endo- 
thelial leucocytes In the spleen they may be especially prevalent and 
often particularly observed m miliary lesions in the malpighian bodies 

Gnesinger (1857) pointed out that the peculiar infiltration of the 
malpighian bodies of the spleen was the most important point in the diag 

nosisof billious t>phoid and its differentiation from yellow fever which 

so closely resembles it clinically Lebert (1875) in Russia and Germany 
also described prominent malpighian bodies with small yellow foci and 
infarcts in the spleen 

Lubinoff (18S4) Rabagliati (1905) Kulescha (1923), and others 
likewise noted miliary necrotic lesions in the spleen and Kntsch and 
?ideroff (1923) found spirochaetes especially numerous in such lesions 
However, in a number of instances these l«ions were of a pyogenic nature 
due to secondary infection with bacteria Helen Russell {1932) who has 
studied the spleens of 15 fatal cases of relapsing fever in Africa has found 
m II of the cases in sections stained with haematoxyhn eosin miliary 
cell infiltrations of the malpighian bodies In sections of i of the 15 
stained by the silver method of Warthm Starry spirochaetes w ere encoun 
tered She beheves that the spirochaetes may sometimes be found in the 
lesions of the spleen when they cannot be found in blood films made at 
autopsy and she concludes that the miliary lesions of the spleen which 
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consist of a zone of congestion and cell infiltration around the malpighian 
bodies are characteristic o( relapsing fever Spirochaetes are often seen 
in large numbers in these lesions in many instances breaking up m them 
The miliar> lesions can often be recognized macroscopicallj In some 
instances the whole cut surface of the spleen appears dotted ivith enlarged 
rather transparent appearing malpighian bodies Stained film prepa 
rations from the blood and from the brain ma^ also show spirochaetes 
Haemorrhagic meningitis has been reported m relapsing fever and Jahnel 
(1927) found spirochaetes in the parenchyma of 2 human brains Numer 
ous observers have reported their presence in the brain» of rats and mice 
CTperimentallj infected The organisms frequently disappear shotdy 
after the death of the host 

Chung and Chang (1939) m the study of 21 fatal cases found the 
majority of deaths were due to complications bronchitis pneumonia and 

bacteriaemia Inonlj 4caseswasthere!apsingfeverinfectionappareiitl) 
the sole cause of death In 15 casesdcathoccurredbccauseof bacteriaemia 

(6 with SalmonelU e«/eri/ij infection) or of pneumonia 8 with broncho 
pneumonia and 3 with lobar pneumonia or both 

Ordman and Jones (1940) in South Africa where the mortabty was 
about 9 pet cent found the fatal cases associated with debility, heart 
failure pneumonia and intestinal infections 

SyUPTOStATOLOCt 

Afncan Relapsing Fevers — In African tick fever after a period of 
incubation of from 3 to 10 days the disease sets in rather suddenly with 
dizziness marked headache and general body pains The temperature 
quickly rises to i04®-xo5®F or even higher and remains elevated durin^ 
this primary febrile period except for slight morning remissions \omit 
ing IS a common symptom and may be bilious in character Jaundice 
may occur and a mibary eruption or petechiae in the skin-have been 
reported m some cases Delirium may occur when the temperature is 
high There may be rather marked praecordial oppression and a bronchia 
catarrh The pulse in particular and the respiration in less degree are 
accelerated Herpes and epistaxis may be noted The bronchial mam 
festations seem to occur chieflv in the first febrile acce sion The spleen 
IS somewhat enlarged and tender but in many cases this is not 
Spirochaetes are found in the penpheral circulation during the febrile 
accessions but not during the apyrexial intervals There is great van 
ation as to the abundance of spirochaetfs In some cases we may have 
to search several hundred fields before finding a single spirochaete 
Severe cases may show them m abundance A rather marked leucocytosis 
may be present in cases showing high fever and bronchitis Albuminuria 

is frequently noted and rarely haematuna After about 4 the fever 

falls by crisis often below normal and possibly with great prostration 
and cardiac weakness 

A critical sweat is a feature of this rapid fall of temperature -Uiw 
mg the afebrile period which laste from 3 to 4 days to 8 to 10 days the 
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patient feels much better and his appetite and strength return With 
the onset of the second pyrexial wave the severe sjmptoms of the first 
dajs are repeated as with the first febrile period This second one termi 
nates by crisis Conjunctivitisisoftenpresent and intis is not uncommon 
'Manson and Thornton ha\ e reported transient cranial nerve involv ements 
coming on late in the course of the disease The disease may be associated 
with uterine haemorrhages or abortion 
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In European relapsing fe\cr the second febrile accession is usually 
shorter and of less severity than the first Furthermore there are rarely 
more than 2 or 3 relapses In tich. fever however there may be as many 
as 10 of these febrile recurrences although there are usuaEy only 4 or 3 
In natives there is frequently only one fcbnie period this probably being 
due to an immunity resulting from previous infections 

North Afncan Type — In the relapsing fever of North Africa which is 
usually louse transmitted the attacks are less severe and the number of 
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relapses rarely exceeds three Sergent (1938) in Algeria, finds that the 
relapsing fever there, due to the strain 5 htspamam, maj be transmitted 
sometimes by the dog tick Rkipictphohts jaH|«jKewj According to 
deBuen and Nicoiie and Anderson the Tunesian form of the disease may 
be transmitted both by Pedtcnlus humattus and bj a species of Onulhcdora 
\ (ever at Egipt Eatmttlj kwiv n »» tbt typhoid of Gntsingtr is sow 

believed to be a form of relapsing Omicaily there may be marked bilious vo»il 

ing with great tenderne s of the I»\er enlarged spleen later jaundice albunuouna 
haemorrhages into skin and interna! organs bone pains especially about the knees and 
often a high death rate The s^'mptoms may at times suggest jellow feier but this 
disease hasnotbeenreportedfracnCgypt Ifowcser on the \\ estCoastof Wnca ««« 
w Uh such 5> mptoms might be rontaken foryellon fever In the Sudan U9i7)i'l* 
and 4S deaths ol the louse borne disease nere reported «bile in Tauganyika ^heietbe 
disease is tick borne the re were » 6 i* cases and only tj deaths and in Uganda 453'^** 
With onl> as deaths md icating the greater seventy of the louse borne infection 
ilawlung examined the cerebrospinal fluid tn tt cases of East Afncui Relapsing 
Fever (Tangsnyta) due to S duttom Five of the la gave nse to spirocbaeles m mice 
OB incubation However spirochaeles were not found microscopically m the cerebni 
spinal fluids of the patients Three of the patients showed sj mptoms of meiiisgita 
but in the other two there was no clinical evidence o! this complication Gtaeal 
Biggatn (1541) has found that in the Rebpswg Fever (tick borne) m Tohnik and 
Palestine netv oua comp! ications cere common and not infrcQueatly ocuUr and fscui 
nerve palsies were ob erved nivon (1943) has reported ftero Cyprus a case with 
Kermgs sign and paralysia of the arm and found marked urobilmuria w msny cas« 
Indian Type — In. the relapsing lever of Asia there has been reported 
a marked tendency for the patient to co 5 lapse at the time ef the ensts 
There are rarely more than j relapses and in probably »5 per cent ef the 
cases there is no relapse From some of the Indian reports it would appest 
that there is a greater tendency to liver complications in the Asian tjpes 
than elsewhere and such cases contribute particularly to the death rate 
from this disease Dihous vomjlmg and jaundice, with a typhoid lil-e 
state and the occurrence of various inftammaioty complications especially 
parotiditis have been especially noted The mind is usually clear but 
dclirmni may be present in severe cases 

Chung and Chang (1939) m a study of 337 cases of the disease in North 
China noted that in the cases without treatment the number of febrile 
attacks was from 3 to s tbe duration of which varied from 4 to 20 days 
with an average of 7 days Splenomegaly was observed in 69 pet ceat 
and enlargement of the liver in 41 per cent Jaundice occurred in *9 
per cent and a haemorrhagic skm rash in 35 per cent with general glandular 
enlargement m j8 per cent Some of the patients developed cerebral 
symptoms Pneumonia occurred m $ per cent and was a very senous 
compbeation accounting for 8 of the ax deaths of the senes Only 
per cent showed leucocytosis Sli^t albuminuria occurred in 195 cases, 
of which 97 showed casts and 34 haematuria 

Persian Type — This relapsing fever is also known as Mianeh disease 
and IS generally somewhat milder than African tick fever or European 
relapsing fever The febrile paroxysms are usually quite short but there 
may be 4 or S relapses The spleen is not apt to be enlarged and jaundice 
rarely occurs Spirochaetcs are veiy scarce and thick film blood smesn 
are sometimes necessary to detect them Another form of relapsing 
fever frequently of even niild» type has been described Spanish 
type due to S hispan ica On account of the mildness to“* 

produced this orgawsm has been u ^fas d A 
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venous inoculations of 2-3 cc of the blood in treating 230 cases of 
syphilis 

Relapsing Fever of Panama — In 3 experimental cases produced by 
Q ialaje the incubation period was 6 ii and 15 days The temperature 
of the first accession varied from 102 F to 104 s F Frontal headache 
and general body aches were the chief symptoms \omiting was noted 
in one case The spleen was not enlarged The first relapse was cut short 
in each case by arsphenamtne 

North Amencaa Cases — Remp and his associates found that the 
disease in North America resembles the European form in general with 
abrupt onset In the majority of cases the fdsnle period lasted 3 days 
and varied from 2-5 Sudden termination of the fever by crisis was 
accompanied by profuse drenching sweats with a pungent odor The 
relapses occurred at irregular intervals varying from 2-9 days The 
pulse was accelerated in proportion to the fever Polymorpholeucocytosis 
of mild degree was usual A rash of rose colored spots was sometimes 
present on the trunk or limbs during the onset A muscular asthenia 
of variable degree was the mostcommonsequela Haemorrhagic nephritis 
iritis cranial nerve paralysis and roeningitis was noted in a small proper 
tion of the cases The spleen and liver were not enlarged in all cases 

The Symptoms in Detail 

The Temperature Curve — ^This is the chief point m the clinical diag 
nosis of relapsing fever The onset of the first febrile accession is abrupt 
and the temperature rapidly rises to 104 F or higher — sometimes 108 
(Manson Bahr) After a continued high temperature for 3 or 4 days 
although at times only 34 to 36 hours the fever drops by crisis which is 
at times productive of collapse Following an apyrexial period of 4 to 
S days we have a second febrile accession and there may be several of 
these wave like alternations of fever and apyrexia unless the patient is 
treated 

The Nervous System — \ery marked frontal headache is a striking 
feature and the pains in back and hmbs may be of great seventy In 
some cases the headache is more ocapital Cramal nerve involvement 
has been noted There may be apathy but on the whole the mind is clear 

In a study of 1500 cases dunng the East African campaign J K 
Manson and Thornton observed 8 fulminating cases in which the onset 
was very sudden and in which the spirochaetes occurred in enormous 
numbers Coma and death ensued in some within 24 hours Thev con 
sidered that death might be brought about by the impaction of masses 
of spirochaetes in the cerebral capilUnes 

Cawadias (1921) observed increased cerebro spinal fluid pressure and 
symptoms resemblmg memngo spinal encephablis Babes has observed 
haemorrhagic meningitis 

Pompano believes that the relapsing fever spirochaetes ate remarkably 
neurotropic and he has found m guinea pigs the brain and cerebellum 
may be still infected 14 months after the pnmarv inoculation Mathis 
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and Duneux found that strains of spirochaetes isolated from the shrew in 
Dakar maj persist m the brains of some inoculated mice up to 235 dajs 
Many other authors ha\e reported experimental evidence showing the 
m\ol\ement and persistence of the infection in the brains of infected 
animals as mice and rats 

As early as 1907 Souhe observed spirochaetes in the cerebrospinal 
fluid of a patient with relapsing fever with meningeal symptoms, and since 
this time spirochaetes have frequently been either observed m the spinal 
fluid or their presence demonstrated there by inoculation into ammala 
Thus Plaut ^nd Steiner found that in patients suffering from general 
paralysis of the insane who had been infected for treatment with the 
\frican variety of relapsing fever the certbro spinal fluid m $ of 10 cases 
was capable of producing infection (relapsing fever) in animals and the 
fluid remained infectious in one instance as long as 69 days after the 
original infection and when the patient s blood was no longer infective 
Lodeqyckz (19^8) has studied the cerebro spinal fluid in 27 cases of Afncm 
relapsing fever (S dujfoni) In 6 cases the fluid was normal but i of 
these showed changes later The other 19 all showed a leucocytosis 
usually an increase of lymphocytes In 3 cases spirochaetes were found 
by direct examination Meningeal symptoms were frequent An 
increase in pressure was observed in 15 cases and lumbar puncture, bv 
relieving the pressure was usually followred by an improvement in the 
condition 

Chung (1938) examined the cerebro spinal fluid in a6 patients in North 
China In some instances the physical properties of the fluid were found 
to be normal but tti many instances there was a definite increase in the 
leucocytes chiefly in the lymphocytes and in a few instances the pressure 
of the fluid was somewhat increased Of 16 patients in whom the cerebro- 
spinal fluid was subjected to the Wasscrmann test, from -4 ti®'® 9 
showed a transient but clear cut positive reaction which suddenly became 
completely negative i to 3 weel^ later The cerebro spinal fluid from 
6 cases was examined by dark field but no spirochaetes were seen How 
ever whew the fluid was inoculated mto 7 squirrels 5 developed relapsing 
fever 

The Digestive System — Anorexia and vomiting are features of the 
febrile periods which usually cease in the fever free penods In som^ 
types bilious vomiting may be marked 

The Circulatory and Respiratory System — ^The pulse rate is much 
accelerated and there may be some piaecordial distress A bronchial 
catarrh is frequently present in the first febrile paroxysm In some 
epidemics pneumonia has occurred in 5 per cent and has proved to be a 
serious complication 

The Liver and Spleen — Splenic tenderness and moderate enlargement 
are fairly constant features The liver may suffer sev erely in the so called 
bilious typhoid and marked jaundice may ensue with a typhoid state 

The Gemto urmary System — ^In about two thirds of the cases more 
or less albuminuria is present in about one third casts are found and m 
a small percentage haematuna 
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Chang {19381 found that 27 (269 per cent) showed spjrochaetes in 
the «T ae, most of which were dead or inotjonless though occasionally 
Iisicg ones were observed One of 6 sqmnels inoculated with urmarv 
ediment developed relap ing fe%« Whenever there vas considerable 
haematuna during the febrile penod more spirochaetes were likely to be 
pre ent m the urme than otherwise Viable and virulent spirochaetes 
were reco\ ered from the prostatic fluid of one patient 

In pregnant w omen haemorrhages from the uterus are not uncoainion 
and abortion usaallv occurs 

Tke blood examtnalion is the DM«t importan procedure for diagnosis 
The spirochaetes, which are usually only found in the peripheral ctreu 
lation during fever periods are often not so numerous m tick borne relaps 
in^ fevers as in the European forms Wh^n spirochaetes are scarce it 
IS more satisfactory to examine Romanowsky st imed specimens e«p eciallv 
with the Giemsa staining Spirochaetes sometimes may be found during 
the apvretial period by using thick films or ly inoculating mice The 
spiroiaetes show a varyiog number of undulations There mav be a 
curving of the end or the spirochaete may assume a ring form These 
forms are moro common to sard the end of theparoxvsm and then we may 
find a or more clumped together The disease when severe shows a 
well marked pohmorphonuckar leucocyiosis wuh at limes an increase 
of large mononuclears This latter however may be connected wtth a 
concurrent maiana or amoebtasis 

Wassetmann Reaction — Fairley (toyfil reported a strong positive 
complement deviation test tn about 23 per cent of the cases of reiapsmg 
fever bath during the pyrexial stage and in the apyretic periods between 
the early relapse Rorshum and Liebtned (1909) performed a single 
IVassermann reaction on each of $0 patients m diiTerent stages of relapsing 
fever and found 38 positive Fairlev and SuUivan {10191 examined 
3 1 patients with relapsing fever in Cairo and found a positiv e reaction in 
10 pet cent during the lebnle period and in about , per cent during the 
afebnle period 

Real (1911} coDcl d d that • tnosenl WaSKrinuin icaciian nueht be touod to be 
• constanc pbesomtnon dutine <hc acute stage o( relapsing (ever He thought the 
transient character of the reaction micht dutiogu sh >t from a reaction dtte to syphilitic 
I fectioa C iiespK I193S) in repotting the cava m the Hn ted States also Doled a 
trass lory po! ti e VVassernuna reaction On the otb r basd Erynoghe (<927) and 
others have repotttd negative reactioas and Taitn and Chang (lojS) false pos live 
reactions m about Spec cent Chang (193S) found in aS ca es ui China chat <i showed 
a positive Wassermann reaction Ibough on teezaRunaii n of 6 later 3 had become 
n gative Chang (at noted) found m s6 pat ents who c r bro pmal Bu d »as sub 
lecfed to the Uas eroiann te t from a to 4 tunes 9 shovttd a transient but clear-cut 
p'siii e react on nhichsi-idenly became completely negatne i to 3 weeks later 

Treatment of Syphilis —Infection with relapsing fever has bceu sug 
gested anf tnei as a therapeutic measure for cerebral syphilis as has 
miiana This treatment has been employed recently m Germany and 
Austria Northern Africa the luuted Statro and China Infection has 
been transnuUeJ by direct intravenous inyection of the blood containing 
the spirochaetes (d A) ala tgjtl bv infected hce (Chung and Wei 193S) 
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or by infected ticks (Wheeler, 1938) Although beneficial results have 
been reported it is not clear that sadi results are superior to or as favorable 
as those reported with malaria treatment 

Mas d Ayala (rgji) on account of the mildness of the fever produced by the 
strain with which he worked iT httpantta reported *50 cases treated by intravenous 
inoculation of 2-3 cc of blood taken from a relapsing fever patient during the febnle 
period Chang (igag) in 3 patients who contracted relapsing fever through transfusioos 
of blood from patients (without relapsing fever symptoms at the lime) found the 
incubation periods were 4-^4 days Chang has observed ii cases m which the 
recipients of blood transfusions developed relapsing fever following one or seieril 
transfusions In these instances the blood had been taken from donors either u the 
incubation or remission periods of the infectioa and when they had no unfavorable 
symptoms 

Pampana noted that the relapsing fever spirochaetes were remarkably neurotropic 
in infected guinea pigs and as noted he found in some instances the brains were still 
infective 14 months after primary inoculation Mathis and Duneus found that strains 
originally isolated from rodents in Dakar persisted in the brains of some sub moculiUd 
mice after 835 days 

Wheeler (tg38) employed the tick O hermsi infected with relapsing fever 
chaetes and transmitted the infection to 6 men afDicted with cerebral syphilis They 
were subjected to the bites of several infected lids Only i of the patients became 
infected after an incubation period of j days These tests and other tests on isodIi^i 
showed that not all persons are equally su ccptible or capable of lofection toe 
dis aae by this tick It is interesting to note that m the positive case the patient uc 
received a systematic treatment for syphilis of neosalvarsan and bismuth for nearly 
17 months prior to the feeding of the infected ticks upon him . 

Chung and Wei (igjS) conveyed the infection to 6 volunteers and 4 patients Min 
general paralysis of tie insane by the louse Pedicuius humanus The incubation 
period by the cutaneous route was found to be about tt days 

Prognosis 

The mortality has been usually reported as about 2 to 5 per cent wills 
the exception of the very serious form in which jaundice is present viben 
the death rate may exceed 50 per cent as m some of the West African 
epidemics A high mortalits is more often observ ed in patients who have 
suffered from malnutrition and who are otherwise feeble and old Chung 
and Chang (1939) m a study of 337 cases, mostl> of the poorer classes 
m Peking had a mortality of 6 2 per cent while Gillespie (i 93 S) 
summarized several hundred cases in the United States noted no fata 
cases A serious feature of the disease is the length of its course wbic 
sometimes extends from 6 weeks to 2 months Since salvarsan and neo 
salvarsan have been found to be speafi.es in the treatment of the disease 
the mortality has been reduced to low figures as in the United States 

Diagnosis 

The disease most likely to be confused with relapsing fever is malana 
and for this differentiation the finding of the parasites of either disease 
IS of first importance 

Dengue may be suspected but the leukopenia lack of splenic tenac 
ness lack of tendency to vomiting and presence of post orbital pains ©aj 
be of assistance in differentiation As there is a leucocytosis in both 
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relapsing fever dnd smallpox and anulai headache and backache con 
fusion might exist were the parasites not found and before the eruption 
af variola appears 

Yellow fever has many features in common with the bilious type of 
relapsing fei er but there is no Icucocytosis in yellow fever and there is 
no characteristic albnrmnuna and slowputse in relapsing fever Influenza 
may sometimes be confused with relapsing feser in its early stages 

In a case of relapsing feser ruth jaundice confusion might arise with 
Weil s disease inasmuch as a blood smear might show spirochaete like 
organisms somewhat resembling those of relapsing fever 

Typhus fever shows a less abrupt onset and the marked mental symp- 
toms (stupor) and dark macular eruptions about the trunk on the 4th 
to 6th day may be of aid jn differentiation Also the Weit Felix reaction 
does not occur m relapsing fever 

Laboratory Piagnosis — Dunng the febnle phase of the disease the 
spirochaetes frequently may be demonstrated m films of blood stained 
by one of the ordinary Romanowsky stains or bv dilute carbol fuchsin 
or they may be seen in fresh preparations examined by dark field lUumi 
nation They occasionally may be found in the afebrile penod When 
not numerous thick films should be prepared for examination If they 
are not found m films a mouse should be inoculated with the blood 
Withm 14 or 48 hours the spirochaetes may be found in the blood of the 
mouse il they were present in the inoculum For demonstrating them 
sn tissue sections silver impregnation methods are used Lowenthal s 
reaction is sometimes of interest when the case is first seen in the apyrexta! 
petved and no spirocbaetts ate visible in the blood The reaction con 
sists of adding to a drop of blood from a case show ing spiro chaetes a drop 
of blood from the patient suspected of haxing the diease After incu 
bation for 30 minutes the spirochaetes lose motility and become aggluti 
naled if the case is one of relapsing feser II the patient is h rsi seen during 
the apyrexial penod if lice or licks are collected from him and examined 
spirochaetes may sometimes be found in them There is usually a nell 
marked polymorphonuclear }cococ^ tosis in acute cases • 

Prophvejixis and Teeatmest 

Propfi^iaus depends espcoally upon the avoidance of places and 
contact with individuals infested with ticks bedbugs and lice In Africa 
and Central America the habitations of the natives where iniected ucks 
may hide themselves m cracks in floors and wails are to be especially 
avoided As the tick Ornt/Aiitfom feeds at tught a night light is of value 
as a repellent Destruction of the siHrDcfaaetcs by salvarsan injection is 
important prophylacticaiJy as well as thfiapeuticaily— the reservoir of 
infecisoti for hte or ticks being clinunated 

In the louse transmitted forms proj^ylactic measures should always 
be aimed at the destruction of lice and their eggs and it should be borne 
in nund that both the head louse and the body louse can transmit the 
disease Hence delousing of individuals and of their clothing and heads 
Sttm (io«jt ptfparrv xn »nt g n b takjoi; f 1 i Wood with sapon n end 
c nlrtfugiBf for compt mfnl fi at no ggJntnai n lt»l 
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IS important The (destruction of ticks particularly of Orntlkoioroi 
mouiaia is difficult except bj burning They sometimes apparently 
remain uninjured after being placed m solutions of cresol and they wUl 
also live for years without feeding (See Francis and Davis p 541 ) 

Prophylactic Inoculatioa — ^Aieir attempts have been made tonaiDOB 
ize the inhabitants of an sofccled district m Russia b> inoculations of 
killed cultures of 5 r«etirrenfts However Sergcnt {1938) has found that 
attempts at vaccination in ammaU bj means of dead spirochaetes kiKed 
either bj cold or exposure to bile gave negative results 

Treatment — Arsphcnanune preparations are usually regarded as 
specific but a few cases do not respond satisfactorily to treatment The 
preparation should be given intravenously "Manson Bahr (1935) 
mends salvarsan in doses of o 3 gm to o 9 gm according to the age of 
the patient and sevcritj of the case thedosage being reckonedssoorgB 
for each kilogram of body weight St John (1937) stales that m fuhv 
80 per cent of the cases the intravenous injection of 0 3 gm of salvatsao 
or o 45 gm of neosalvarsan will end the infecUoa He recommend* this 
smaHer than the usual therapeutic dosage pointing out th^t zelapsiBg 
/ever infection, lowers the resistauce of the individual to the toxic pmp* 
erties of the drug Gillespie (1935) recommends a single intraven^ 
injection of o or gm of neoatsphenamme for each kilogram of body wngM 
administered at the onset of the paroxysm which he believes wdl 
a cute m practically every case m (he ITnited States He believes that 
there is a close correlation between uudeijuate doses and relapses often 
with sfevere complications It is usually recoramcnded that the drug is 
most efficacious when given m the early stages when the temperature « 
rising It ought not to be given when the crisis is imminent as then a 
grave reaction may occur due probably to the great destractioo 
the spirochaetes and the liberation of tbeir toxins with corresponding 
aggravation of the symptoms and fatal collapse may result Manson 
Bahr recommends if it is not given in the first attack one should wait until 
the first relapse and then give it on the nseof temperature W a relapse 
occurs a second injection may be given After the injection of arsphens 
mine the symptoms are often aggrav ated for a short time 

Chung and Chang (1939) have found the most annoying sympto® 
following the injection of neoaraphenamine was vomiting which wassevere 
in 1 5 of their cases The commonest reaction however was an ipctease 
in the fever and headache The temperature was frequently raised i or 
2 degrees and tn a small percentage of the cases from a to aH 
In 3 cases it rose 4 to 6 degrees Centigrade and » of these cases resulted 
fatally In their series 0/ 38t treated cases 16 patients relapsed and 
required a second specific treatment In general the great majority P* 
the cases occurring in otherwise healthy individuals recover without any 
speafic treatment at all though on account of the relapses convalescence 
is often prolonged 

MansoR Bahr states that albuminuna generally does not constitute a 
contraindication to salvarsan treatment Some observers have not found 
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treatmeat with neoarsphenamme satisfactor> Avanessov (1938) in 
Afghanistan and Delphyand Rafyi (1939) in Teheran found that while 
m some the treatment was effective other cases proved refractory to it 
Francis (1939) reports 3 cases m the United States unsuccessfully treated 
with neoarsphenamme One of the cases received o $ gm of neoirsphen 
amine at each of 4 relapses and recovered without further relapses 
Another case received o 45 gro of neoarsphenamme immediately after 
the onset fever had terminated and at each of the first 2 relapses but he 
had 3 more relapses untreated with neoarsphenamme In a case which 
resisted treatment with neoarsphenamme Francis emplojed deep mjec 
tions into the buttock of bismuth preparations the first 4 infections being 
with bismuth sabcylate in oil o 13 gm and the last 10 being with thio 
bismol 3 gr each He also received serum intravenously taken from a 
convalescent relapsing fe\er patient in doses of 40 40 and 20 cc at the 
begmmng of his 9th relapse which was followed bj recovery Plant 
and Steiner also found neosalvarsan unsuccessful m treating some cases 
of relapsing fever in cerebral syphilitics who had been infected as a thera 
peutic measure Todd (1930) has also found neoarsphenamme less 
elective m controlling relapsing fever in Africa and recommends the 
intramuscular injection of 0 2 gm of sodium potassium bismuth tartrate 
dissolved in a cc of stenle water for an adult this dose being repeated on 
the following day 

German investigators have recommended two gold compounds 
solganol B and A 69 the former of which contains 36 5 per cent of gold 
It has been claimed that residua) infections of the central nervous s>stem 
were eliminated by these preparations Hawking (1939) has found that 
on spirochaetes in ttiro solganol bad little action 

Sergent (1938) found novatsenobenzol to have no curative effect m 
animalsesceptintovicdosesagamstthestram^ AirpaHicamAlgena He 
found however in the treatment of infected guinea pigs that the serum 
of refractor) 4nimalsortheserumof convalescent individuals was effective 

hlapharsen has been used successfully in a few cases and it has been 
especially recommended for treatment in the United States Army It 
should be given in doses of 004 to 006 gm 

Heilman and Iter cit ( 9441 h stud 1 1 tbe etTctliveness f penic U n relap ing 
fever e (crime t ll> p oduced in m re by a angle stain named /I I 1 n ) 
MthougH 09 OvfoT I units { | n >ltin per cube cenumeler did not cause a ible 
decrease in mot 1 tv o( (be pir ch 1 n to for 7 h u s the m t Iit\ ceased later in 
bi th t eated and co trol t bes Inocnlatio a in h avi1> infecled m e c used th com 
pteteabscnc ofthesp ochete in the bla d smeanin a or j di>8 Of 6 treated mice 
onl) i(ipcrc tided The untreated m re wt chsur ede h bilcd relapses Onlv 
4 of the iTcated mte h d a relapse Augustine Weinman and MeVUster (19441 
inj cled r Is nf cted w th th 5 tra n ( « y 1 • th pen t II n large dose be ng emp! ) cd 
tt the en 1 f 7 h urs o sp ochetes »rte vis ble in the treated mic but n ere st 11 
r esent in ihe blood f th control an mala Taglc a d Magnusnn (Miy 1944) in 
furth i>enment on rats nd m re sh « that d ses of 130 000 a d 100 000 un ts jiet 
tl g m we n r«sarv to ue nehalfth (nferced rats and mice 4O0oc>ount |«r 
k I g am e er ssa \ t cu e more than 95 pet cent of the animal and this v>as 
one half the dose which killc t a sig taca t propotUon of the i ts Ilcn e the the a 
beutic use of the drug lot the treatment ol t^uifeclionia man would probably not be 
watrintei 
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Careful nursing liquid diet with plenty of water, and cold sponging 
when the temperature is high must be maintained until after the crisis 
together with treatment of any special S3 mptoms which tna> arise The 
headache is often relieved by an ice cap and the general pain aheiwted 
by aspirin During the crisis digitalis morphine or caffein may be 
indicated to support the action of the heart Adrenalin given hj-po 
dermicall3 cverj four hours is sometimes valuable in cases with collapse 
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Chapter VIII 

INFECTIOUS JAUNDICE 

{Leptosptral Jaundice) 

SvKo'mis ANO pEn’cino'j 

Synonyms — Leptospiral jaundice spirochaetal jaundice epidemic 
jaundice Spirochaetosis ictciohaemorrbagica typhu bilieux Ueils 
disease 

Definition -^Infectious jaundice is a febrjle spirochaetal infection 
caused by Ltplospira tcUrohaemonfiastae In vanou parts of the world 
this organism is common in rats which constitute a natural reservoir and 
a source of human infection The disease is characterized bv a sudden 
onset with rather high fever headache and vomiting Jaundice which 
i$ common usuallj appears about the third or /ourth day when the urine 
shows albumin and bile Haemorrhages espcaally epistaxis are common 
and the liver and sometimes the spleen show enlargement I olyaucleosis 
IS present 


HiSTOay and Geockaprical Disteibuiio'^ 

History — The form of jaundice noted m the forces of Napoleon during 
the Egyptian campaign was probablj infectious jaundice It was 
first recognized as a distinct disease by IV ed in iS 36 who described it a 
ari acute infectious disease cbaracterued b> jaundice swelling of the 
spleen and nephritis Inanda and hiS Japane e colleagues discovered 
the causative spirochaete in 1915 and later noted its frequency in rats 
and in 1917 infected guinea pigs with the organism from ome of these 
apparently healthy rats Sporadic cases of leptospiral jaundice were 
observed during the World War along the Western Front among the 
French British Italian and German troops none however in the Amen 
can Army It was also reported among the troops in Gallipoli 

Geographical Distribution — It has been common in Japan and Eg> pt 
and u also endemic along the North African coast and the shores of the 
hfediterranean in W cst Africa and the Congo Cases ha% f* been obsen cd 
clinically m the Sudan However Kirk (1938) does not think it is pre\ a 
lent there since he examined 259 rats lo the north Sudan and found none 
infected and he points out that the spirochaete of W eil s disease has not 
been detected in the Sudan case Alston and Brown in 1937 were unable 
to find It in Egypt Arabia and Persia 

During the Russo-Turkish war (1877) cases of jaundice seen in the 
Balkans by Sandwich were probablj infectious jaundice as the disease 
w as frequently noted in that region dunng the W otld W ar In addition 
as» 
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to the cases which occurred among the troops m Flandcre and in Italy 
outbreaks were also reported among the British troops in Gallipoli and in 
Egy-pt The cases of the disease which the w nter obser% ed on the W rstem 
Front were of a milder character than of the type described m Japan 

Xn Europe cases ha\e been observed recently especially in Holland 
Sweden Germany France, Czechoslovakia Italy Eastern Europe Spam 
Portugual Greece Albania and Russia 

Dssseraans (1939) does not ihmk the disease is common in Deigmm m teslas only 
able to find a sera in man uhicb would agglutinate the leptospira Vande Walie (19^9) 
evatnwed 100 dogs in Aniuerp and (ound L lekleT^hMmerrhattaevi tj andi umceis 
ID 29 However he states hunua mfectioa with L camcola of dogs u uatopwa “> 
Belgium 

In recent years sporadic cases have been reported in London and Scot 
land and outbreaks of the disease have been described in coal miners m 

Scotland fay Buchanan (19^4) m Wales by Sladden (1939) and Northeast 
England by Swan (1938) m sewer workers of London Liverpool aod 
Glasgow by Fairlcv {1934) and Stuart (1938) m fish workers of Aberdeen 
by Davidson (1934) and m tnpe workers in Glasgow by Stuart (1938) 

In the United Slates the disease has apparently been comparatively 
rare Glotzer (1938) who reported in New \ork the second case m fish 
workers in the United States was able to find 20 other cases in the liters 
lure which had been diagnosed since 1922 by bacteriological e'caminatioos 
in this country Cases have been reported in New Jersey Pennsylvania 
and California Blake (1^40) has recorded a case from Connecticut 
m which diagnosis was made by a positive agglutination test Havens 
Bucher and Reimann (1941) report from Philadelphia an outbreak in 
7 young men who bathed m a stream probably polluted by infected rats 
and contracted an acute infectious disease in different grades of sevent) 
Five were affected mildly and 2 were severely sick, i of -whom died 
Studies of the fatal case and serologic evidence in the other severe case 
proved tlie diagnosis of Lepit>sptra ukroisaemorrhtgKa The blood of 
the fatal case was injected into guinea pigs that died of a fatal infection 
and the organism was found in sections of the liver and kidneys 

Packchanian (rgj?) laentioes 14 mslances ol infection not published He h»s 
studied the reports of many epidemics in the United States of epidemic jaundice 
but la roost of the cases there was only cltnical evidence of the nature of the disease 
A large aumber of the cases of epidemic jaundice ©ceumng in the United States «v> 
denlly have another origin as has been demonstrated by the investigations of Bfu»« 
{19*3) Piddes (193*) Norton (1939) and others It therefore would pethaps be 
preferable to employ the terra leptospira) or spirochaeta] jaundice for the form we ate 
describing m this article Outbreaks of jaundice have also been reported not only m 
the United States but la Norway and Sweden and England (1934) m which no evideaw 
of a kptospiral nature has been obtauudile and in vrhich there was no «vid«n« “ 
leptospira a the blood or urine and tw evideoM of immune bodies ui the serum of the 
patients 

In the Far East recent reports of leptospiral jaundice with bac 
tenological diagnosis have been made particularly la the Dutch East 
Indies Borneo and the Celebes Cochin China Indo-Chma the Andaman 
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Islands and the Malay States India Japan and China and Australia 
While in the Western Hemisphere cases hive been reported m the French 
West Indies Guadaloupe and Martinique (1938) and Peru and Erazil 
(1939) and French Guiana (1940) 

In sU probability the gcograplucal dutnbuUon given above is cot complete and 
will be extended from time to time For example the disease has been presumed to 
exist on clinical grounds for a long time in Ind a and McRobert C 934) had found it 
to be common m Burma However apparently the first case reported m India in which 
the leptospua was demonstrated was by Das Gupta and Clopra in 1937 In 1938 
Das Gupta reported j cases j fatal in Calcutta 6 cases having been discovered in 
a months In 1941 he diagnosed cases in Assam With the locreased number of labo- 
ratory examinations being made for the diagnosis m various parts of the world cases 
mil doubtless be discovered elsewhere For as at least several species of rats and mice 
harbor the parasite and act as teseivoiTs we may expect the human disease to occur in 
every part of the world where hygienic habits do not prevail and where these rodents 
come into close contact with man and contatni ate the water and food especially by 
their urine containing the leptospira 

EPIDEltlOtOGY AND EMDEinolOGY 
In Europe the disease occurs chtefiy in the late summer and early 
autumn mouths July to Octobor In Holland while Schilflnet found 

r’-' 

Fie 70 Fic So 

Fto T9~Shewiflg £, phip 4 (Aft r N guchl n Jou nsl of E p nm ni 1 
Mcdi ne ) 

FiC 80— A group of E plotp ra (Ittok merrk t««t m ulture {Aft r N gu hi 
in J u at of Expenment I c n« ) 

that cases might occur in any month it prevailed especially from July to 
October in the years when it showed an epidemic eticerbalion He 
thought this the result of infection particularly among bathers and 
swimmers in the w arm months The incidence of the disease w as greater 
in southern Holland where there is low sabnity of the water compared 
with the much lower incidence in northern Holland with higher sahnitj 
Ru>s has shown that the spirochaetes survive longer in waters with a low 
degree of salimtj 

In Japan it has been reported more commonly in the autumn months 
September to November In the Andaman Islands the cases prevailed 
during the period of the southwest monsoon occurring in males who are 
engaged particularly in outdoor occupations at that season 

Manner of Infection — Human infection ma> result from the ingestion 
of food or water contaminated with the urine of infected rats The 
leplospirae occur in the urine kidne>’s and faeces of wild rodents espe 
cially ilur nonegteus t/ur aletaAJrtfliir tfui rallus the mouse ifut 
museuJus and the vole of Japan ifterctui mifnitieUoi Also in the bandt 





360 


£TIOLOGl 


Coots, Nesokat bandtcota N bcngalensts, m the Indies, as well as in the 
dog and the fox In Europe Scfailffner (1934) believes the sewer »t 
Mus norvegicus, is espeaally concerned In Malaya Fletcher (1934) 
found the prevailing i/«s rattus frequently infected The percentage o( 
rodents infected with leptospirae vanes greatly in different localities Id 
the United States m different exanunations from 4-33 per cent of infec 
tion has been found The results of a number of surveys in different 
parts of the world have been as follows 


Meyer (>038) in California 
Schfiflner (1934) in Holland 
Zimmerman m Amsteidam 
\asilewsky (1933) at Kiev 
Tartaglia (1939) at Dalmatia 
Stevenson (1913) in London 
Middleton (1939} at Oxford 
PaTian(i93i) inTnmdad 
Cotter and Pawers (193$) in Queensland 
Ido in Japan 

Das Gupta (1938) in Calcutta 


Positive 33*" 
Positive 56% 
Positive 40^* 
Positive so'l 
Positive 10'^ 
Positive 4 30^ 
Positive 41% 
Positive Jj'" 
Positive 30'" 
PosiUve 53% 
Positive 1" 


Schuffner (1934) found all the local epidemics he studied were usually 
accompanied by heavy murine infections up to $6 per cent He considers 
that human infections are the result of the contamination of the water 
by the urine of the infected rats Thepercentageofinfectionamongelder 
rats was found to be always greater than id the young rats under 20 cm 
In the younger ammals the infection might be 3 per cent while in the 
adults up to 45 per cent It has been suggested that the disease was 
pnmatily epizootic in wild rats but that these rodents have become 
tolerant and that some of them may harbor the parasite throughout life 
It IS regarded probable that the infection may be passed from one rat to 
another by way of food poluted with unne and by sexual intercourse 
Uhlenhuth and Zimmerman (1933) found it was possible for white rats 
to become infected when placed m cages with infected wild rats Human 
infection may also occur from the bites of rats Uhlenhuth has reported 
a case in a laboratory attendant who was bitten by an infected white rat 
and subsequently developed Weils disease Blumenberg (1937) reports 
3 cases of Weil s disease one fatal among laboratory attendants m which 
the infection was almost certainly acquired from handling rats Infection 
mav also occur in cages from infected rats to healthy guinea pigs through 
direct contact 


In some localities it is thought ihat dog» ma> constitute a reservoir of human 
infection SchUffner found onlyoneprevaihnfstiamotLr^loj^jrjjrt roAu " rriaP'J^ 
in man in Holland However in the rtamioation of 50 dogs in which the m/cctioj’ 
was fatal in *4 1 1 "ere found to be infected with a typical Weil strain and *8 with 

a different strain which be named L canteelit Thi latter strain which he cultivated 

from dogs produced no jaundice It was not particularly pathogenic for guinea pigs 
nd it differed serolo ically from L tflerokaemorTkagiat later he found one human 

risealso vithoutjiundiceandthispatientwasinfcctedvviththisdogstram L camcoU 

\an den Walle (1938) examined theblwdof too dogs in \nt«erp and found i icicro 
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hueniorrl j It ein 15 and L canicolavi 29 Meyer Eddie and Anderson Ste«art (1938) 
in a stud> of a very fatal di eas tn doga in California m 67 autopsies found 33 of 
theicteivciypeconespond tig to IKe classical ^edsdi ease nd 36 of thehaemoithagic 
type re-embhnf the Stuttgart di ease In a study of many cultures leptospi ae n ere 
f 3und m 6 hich were definitely jaundiced This strain was identified by Schufiner 

as L cgnicola However in its po er to produce icterus the Calif rni strain thus 
differs from the Dutch strain \ vetennanau infected ith the Calif m a dog strain 
showed a defin te icteru and nephritis and bis serum 8 month after recovery aegluti 
natedL camcoJa in a diU ti nofi 300 and/ lerehaem 'ligiaa adl tion of i 30 
Twenty two strain isol ted by gu nea p s age all produced fat 1 infections with 
jaundi e after or 3 passages Meyer points out that L (am ola was not found in the 
rat populat on so that the host relation^ip of the spir chaetes m California is appar 
ently the same as in Holland rats being (he source of tyi ical \\ eil s di ea e due t 
L 1/ ohatmarrhnv and dogs the reser oir for L cam ola koweniar and \\ol( 
(1930) m Sumatra thought lb t dogs might const tute a re ervoir of infection as they 
found fi per cent of the normal dogs in Me Ian infected ^ form of lept pirosis kno \ n 
as the yellows has also been encouniered in foalwuncU Catchpole ( 934) has noted 
an epizootic in young silver f >xes The older animals had appare tly become immune 
The i feet on has also b tn repontd «v leopa d 

In the rare case f human d sease n which it e infection has been acquired from 
c ntact with the dog L u eota has been the infecting organism Jaundice has not 
been noted in Furope in this form of human di ease though as me to ed above 
Meyer f und jaundice n a perce tage of h s dop and m one human ca e Sehbffnei 
states be has never fou d the d>^ strain in sewer ats and has been unable to infect 
white rats with it Peiier ( 938) records the infectious gaitnUs of djp fStuttgart 
(1 eas ) as ident cal with Metis d sease lie is of the opinion that L 1 1 iatm 
htg at L c cola and ; iff lypk sa bate a similar antigen c structure but show 
many variants He found ho ever that L k Momaits shows marked differences and 
he reg rds It as a d fierent species Although L >< r f 'oe koiiue had been identified 
by serolog cal tests as p esent in infections of dogs n the United States Colonel Ray 
m nd Randall (personal communication 1944) obuined the tint actual isolation of 
L 1 1 r ht orrk i ae fnm the bio d of a d g The blood of this dog was inoculated 
nto a gold n himster wheb died of l>p cal L < k ifiorrkatte infection 

Fandall (Feb a d Aug 943) al solated retrains of 1 fr m dogs In 

b th 1 stanc the owne <2| of the dogs also he me infected anl L ranicota was 
msolatcd from the ur c( th dogs Se eral h nsters inocul ted f om the d gs d ed 
with tvpic I / p!o p ra les ns Thus fatal nfertions n hamsters were produced by 
both!, e ncolitaniiL I k torrlag 

'I ton ( 941) hid sh wR th I /■ irte A werf 4 killed 3 to eek old Sy lan 
hamsters in j to 8 d y w ith lyj^ral 1 1 ms ts ng a single strain of L cameola be 
found ham ters s vised the inject on of thi organism Ith ugh g sms c uid b 
detected in the bbod tmm However I ars f'pnl t944) has found as has Randall 
lb t hamsters (C cl 1 atai) a e su c^tible to inf ct on w th t a Jj nd 
U id ohaeiMorrkaft both causing f tal infect Jn No other convenient animal has 
be n shoi n to d velop les nsort succumb readily when infect dwith£ c col 
The leptospira mav gain entrance to man through the skin and mucous 
membranes the conjunctiva mouth and intestines 

In outbreaks of the disease it has sometimes been possible to distinguish 
among the population certain groups of people more disposed to infection 
than others and the disease has been discussed as an occupational bazzaid 
Thus It often occurs in people whose occupation leads them near water 
like barge men wharf men fish workers slaughter house emplojees in 
fact those who carry on their work in localities infested with rats David 
son and his associates (1936) reported an outbreak of 40 cases in Aberdeen 
Scotland chiefly among fish workers who were eraplojcd m handling fish 
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in rat infested premises, the floors of which ivere covered with slime and 
offal Abrasions of the skin frequently occurred in such work thus 
affording greater opportunity for infection Guinea pigs were infected 
w ith water obtained from this slime and dev eloped Weil s disease Two 
similar cases in fish workers in the United States have been reported and 
lo cases have been reported in tnpe workers in Glasgow (Stuart, 1939) 

Also cases of infection have frequently been observed in workers in 
mines especiallj m wet mines, as reported in Japan bj Ido, Buchanan 
(1934) in Scotland and in Aberdeen and elsewhere Buchanan, in con 
nection with the outbreak of Wed s disei^ m the Scottish mines isolated 
L iclerohaemorrhagtae from the slime in one of the mines and produced 
the disease in guinea pigs b> inoculation Allston and Fairlej (1934) 
have shown that the disease is not uncommon among sewer workers m 
London and Liverpool 

The disease is also sometimes encountered among harvesters farmers 
sugar cane cutters etc .after prolonged rainfall as reported in an outbreak 
m Queensland in 1933 b> Cotter and Johnson (1938) and in Dalmatia by 
Partaglia (1939) in both agriculturalists and fisherman 

Trench warfare, with wet conditions producing sodden conditions o( 
the skm and rats furnished conditions favorable for infection in 1917 
in France However, the cases that the writer saw there, as noted wew 
of a much milder character than most of those described from Japan 
and did not resemble yellow fever cbmcally sufhcientlj even to suggest 
the diagnosis of the latter disease Indeed the mortality from the disease 
on the Western Front was low not more than 4 or 5 per cent In Japan 
however, the mortality has been as high as per cent Nevertheless 
Noguchi later reported that the organisms sent to him from some of these 
cases m European soldiers were identical with the Japanese strain L 
icterohaemorrhagiae 

Infection has followed accidental falling into canals contaminated 
with human, or animal refuse or in persons who have attempted to commit 
suicide b> jumping into such water where the banks are likely to harbor 
rats which carry the leptospirae and infect the water with tbeir urine 
In Holland Schuffner (1934) reported 37 cases of water accidents follow 
ing which Weils disease developed Naftalin, (1938) records a case 0 
Weil s disease in a man in England who fell into a canal m a motor car 
accident and swallowed a good deal of canal vv ater After 5 day s he dev el 
oped pains in the legs and became ill with fev er He died 20 days after 
the accident Postmortem examination revealed typical Weil s disease 
and L tclerohaeniorrhagtae in the liver kidney and spleen but not in the 
lungs Two other passengers in the car were also half drow ned but made 
uneventful recoveries 

Jorge (1931) reported an epidemic in Lisbon m which a leptospira was 
isolated from a public fountain Infection may also occur in those who 
swim and bathe in contaminated water Romijn (1932) reported 34 
cases traced to a swimming tank located in one of the ancient city moats 
a narrow canal with stagnant water The water was changed by dis- 
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charging it into the n\cr and letting m a fresh supply from the same source 
but the water was exposed to constant pollution bj the adjoining human 
dwellings and as a consequence the area was teaming -nilh rats Epi 
demies hate occurred elsewhere as in Germany Italy and the Belgian 
Congo after bathing m ii\» pools In Germany the name slime 
fever has been given to a form of Weils disease said to be acquired from 
bathing Seven hundred cases were reported m rpjd In these cases 
the attack began with a rigor and a rise of temperature m some cases to 
104 F and infection through the conjunctival sac was observed in some 
of the cases 

In eastern Europe KorthofandTarrassoff (1934) have described under 
the name of swamp fever maladie dc la vase or marsh fever a form of 
Weil s disease without jaundice which occurs in epidemics in the workers 
m these swamps TarassofI has isolated from the swampy wateralepto 
spira which on inoculation into guinea pigs appeared to be identical with 
the strain isolated from the human cases and to which he gave the name 
L (nppo iyphosa 

The infection of water appears to be in no way proportional with the 
degree of visible contamination One may fall into verj foul looking 
water without developing Weds disease and in some of the swimming 
pDola proved infective tbe water was normal in appearance 

The hydrogen ion content of the water and its sahmi) apparently 
affect the time that the leptospita wiU remain virulent in st Van Theil 
(1937) found that during tbe summer season of warmer weather L teUro 
iictmarrhaiiae survived for at least at days after infection of the water 
and that its virulence remained intact at least as long as that He points 
out that while epidemiological data do not indicate that human beings 
become infected from i eanicofo by bathing this is nevertheless possible 
under certain conditions 

In addition to the strains of leptospira already described in man other 
saphtophylic strains have been studied as £ itfiexor which was demon 
sttaled by Wolbach and Bingham (1914) lobe nonpathogemc TJhlen 
hath and ZueUer <19*3) isolated by culture from aqueduct water a 
spirochaele which subsequently aftercultivation in blood serum acquired 
distinctly pathogenic properties for ammah This spiiochaeie m doses 
of from 2 to 4 cc of the culture when injected intrapentoneally finally 
after several passages produced »n guinea pigs a disease which after 4 to 
8 days caused death The entire appearance of the aniinal so infected 
corresponded with that of Weds disease This organism also corre 
sponded m different serological reactions with L«phsptra tclerohaemor 
rhaguit iurshtier however didaot confirm this work and this study has 
been interpreted diSerently SchbSner suggested that the guinea pigs 
might have become infected from contact with rats Schtiffner (1934) 
has shown that the nonpathogemc L htHfx^r may occur 10 almost any 
water and that the presence the pathogenic type of \\ e J s disease can 
be ascertained by immersing guinea pigs in the suspected water when 
infection may occur through the moist skin 



364 


ETIOLOGV 


Appelman (1934) after shaving and scarifying the abdomen of guinea 
pigs placed them m glass dishes containing water which had been infected 
with L pseudo iclerogenes and also L iclerokaemorrkagtae The ammab 
only became infected with the latter organism Van Theil (1937). hov, 
ever found it possible sometimes to infect guinea pigs with the Leptospirs 
pseudo iclerogenes Water sodden skin facilitates the penetration of 
leptospirae 

In addition to water, in some experiments leptospirae have been found 
to survn e in moist soil for as long as 3 months 

Hindle (1934) has isolated at least 8 water strain from different sources 
including 3 from London which all gave distinct serological reactions from 
the human strains 

Other Methods of Infection — It has been suggested that infection 
may occur in other ways than through the digestive tract and Inada 
belie\ ed such infections usual There is no evidence that the disease is 
transmitted by insect bites or by direct transmission from man to man 
though the leptospira is sometimes present m human unne as well as m 
that of the rat 

Southwell (1938) relates that the bed bug (Cmev kctulanus) 
reported to have conveyed infection at an interval of 38 days after feeding 
on an infected animal but (his observation has not been confirmed 
Human infections with L canicota have been demonstrated and m some 
instances apparently occurred from infected pet dogs Uhlenhuth and 
Bloomberg (1937) have reported human infection from handling infected 
laboratory rats and in his laboratory 3 attendants acquired the infection 
almost certainly from rats He cautions that attendants should went 
rubber gloves and that care should be taken that no contamination of the 
conjunctiva occurs from infected urine of the rats Goethala {191°) 
reported 2 cases of infection in laboratory workers from spraying infecte 
material into their eyes 


Etiology 


The spirochaete causing infectious jaundice Leptospira iclerohaemor 
rhagtae is the type speaes of a genus described by Noguchi as having 
minute elementary spirals lunmng throughout the body and failing 0 
show either flagella or undulating membrane The caudal portion ' 
spirochaete is remarkably flexible and when in motion the whole bo ) 
seems drawn into a straight line except for the hook formation of one 0 
both terminal portions Propulsion seems to occur by the rotary 
of the hook and progresses in the direction of the traight end If bo 
ends become curved progression ceases It is said to be insoluble m 10 
per cent saponin thus diffenng from the other blood spirochaetes 


The organism vanes considerably m sue 6-14 (even 4-S0 ) by 0 25M The con 
.tituml spit.1. «e ctely pkerf givug ih. 


*^Lv^means of the dark field illumioation It however may be stained by Giemsa s 
b “m .Sb p;ep>™n«« » Jenon.tt.k tta Io= .P™'-- 
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It also may be well stained by one of the silver impregnation methods Under” the 
dark field the livmg organism is often nunately coiUd each coil appearmg as a dot and 
the whole body sug esting a cha n of retractile bodies It is actively raotJe and often 
b nds Itself m the form of a hook givmg the appearance of the letter C when the hooks 
are on the same side or of the letter S It is on account especiaUy of the peculiar 
minute elementary spirals running throughout the body and resembling a coil of rope 
that Noguchi established a new genua for this species 

The organism is frequently found m the blood during the first o or 4 
days of the disease It is also present in the urine later and in a few 
instances tt has been demonstrated in the cerebrospinal 
fluid and even in the sputum Young guinea pigs are 
especially suscepuble and following their infection death 
usually occurs with jaundice albuminuria and haemot 
rhages At necropsy spirochaetes arc best demonstrated 
in films from the hvet nnd in the kidneys Under the 
discussion of epidemiology it bas been noted that infection 


PlO 8 j —Pouf IP m of L pi p I r k mo hot a (Aft r Nog h n 
J roal f£ ronm nt IMcdcn > 

Fic 8r— A L pi Ip a V v d under the d rk fi Id m e 0 pe (Aft N gu h 

Jour slefE pe manui M dene) 

With the orgamsm is common among rats m various parts of the world 
and It may be constdeted a natural infection of tats as they do not seem 
to suffer from it 

Cultivatioil — L ft Pira tcUroha morrh t ot has ben cultivated OQ Noguchis 
leptospira med a It prefers a partial orygeo tens oo nd usually grows m tbe narrow 
aone just below the surface Theoptimumtemp ratuieforgrowthulroa jj lojoC 
like macy pathogenic organ sms ^huSoer has rec mmended a culture media com 
posed of tap water 1500 cc WiUes peptone o 1$ grm Ringer s solution joo cc and 
Sovensen s solution pH 7 The final reactran of this peptone med um should be 
between pH 6 8 and pll 7 1 Three cnbic ceotimeteis of this medium is placed m a 
siDill tube and sterilized and for nse 3 cc of r hbit s serum is added The tubes are 
then heated to 56 C for 30 miDules and incubated at 37 C overnight The organism 
can also be grown on other f rms of bkKid agar 

Morrow (1938) has succeeded i growing a human strain of L icitroh <m h p oe 
on the chono-allanto c membrane of the fowl embryo The spirochaetes were earned 
through 20 successive passages in develop og and after every 5 passage gu a 
pigs were injected They became lolecledand died m6-8 days with typi al symptoms 
of W it s di ease 

The leptospirae are able to p ss through the ordinary types ot BerVefeld biters 
(N V W) I ada has obtained filtrates in which CO spirocWt If tmaw re demon 
slrable but which were infective for gu *a pigs He believes therefore that there 
may be a viable granular f rm 

Although in Icpto piral jiuadice the o^amsms are often easily demon 
strated in the blood of guinea pigs in many cases they are very difficult 
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or impossible to demonstrate m the blood of man either by direct examma 
tion or b> inoculation In sections of infected organs at autopsy they 
may be well demonstrated by Levaditi or Fontana s method 


Serological Races — In recent years a number of serological races of leptospira have 
been repotted Schuffner distinguishes 3 human strains in Europe (i) the cosmopolitm 
L tcterohatmorrhaitat in rat and dog and the cause of classical W eil s disease (j) L 
canicola causing speci&c canine disease (occasionally transmitted to mm) (1) L 
irippolyphdsa the infecting agent in the swamp fever of eastern Europe He believes 
that the clinical (non icteric) character the serological and the epidemiological pic 

ture (appearing in well defined epidemics) are features which separate swamp fever 

from the other leptospiroses 

Koithoff infected a number of patients with swamp fever for therapeutic purposes 
The disease was accompanied by high fever but jaundice never appeared However 
SchUflner emphasizes that in dogs infected with i canicela jaundice was not encoun 
tered and in his one human case infected with this strain there was also no jaundice 
Nevertheless the strain pronounced L taniada by serum reactions and isolated in 
California produced icterus in dogs as well as m one human case Schilffner states 
that he hws never found L ccnicofa in sewti tats and also that the white rat cannot be 
infected with L camcela Raufmann (1938) also beheves that by complement baation 
agglutination and lloculation tests L conieo/a can be separated serologically fron 
L lettreliaeinorrhagfat 

In Japan besides L iclerahjem«rrha(iae L heliomidis and L culumolti have 
been encountered L /ir6ifoine(fMistbecauseofs<>ven>dayfever a disease which occurs 
m parts of Japan and resembles a mild Weil s disease Tbe organism cannot be dis 
tinguished morphologically from (hat of Weil s disease but Ido Ito and Warn wen 
able to differentiate it by cross protection tests and bv the P/eiffer phenomenon They 
found that the organism was carried by held mice and transmitted to man by con 
lamination of the soil with the urine of the infected animals as well as by their bites 


It IS only feebly pathogenic for animals Similar organisms have been found m cases 
of the disease known as Autumn fever m Japan Kosbina Shiosawa and Ritayama 
have differentiated a species by tbeir serological reactions One was found to be idea 
tical with L hebdomjdis The Other L aulumttalis was more virulent and resembled 
L utcrohaimorrhaiiae but did not correspond to either serologically Abe ('93^' 
reports the causative agent of Hasami in Japan to be 5 at</»mnafir He observed 
9 cases in Nagasaki and says the strain is serologically distinct from S icterokatmor 
rhaitae and 5 hebdomad r (See Chapter IX for further discussion of these infections ) 
In the East Indies 8 strains have been described Six of these were reported by 
Fletcher working in the hlalay PeiiiDsula and have been found to correspond with 
Dutch East Indian strams Taylor and Goyle m the Andaman Islands found s more 
and Louwenaar and Wolff on the east coast of Sumatra have described * strams w 
dogs Essenveld and hlochear (>938) found 2 strains in the field rats of Java one 
identical with the human Sumatra stram while \aucel (1937) reported in Indo China 
Netherlands India and the hfalay Arcbijiellago that the 3 Japanese types L 1 1"® 
hatmorrhagtae autumnUis and hebdonmdit were present and in addition L irtpp° 
lyphosa and L cantcola Eletcber (1934) separat^ his 6 strams from 16 patients by 
agglutination tests and Pfeiffer s reaction m guinea pigs Some of them belonged to 
the tcterohaemorrhagiae group which includes strains from dogs sent him by Okell who 
isolated them in England and also Noguchis so-called y How fever strains hlost of 
Fletcher a strains however were found to belong to the group represented by L PT> 
eenes of \ ervoort Another large group was represented by the Akiyami A strain 
iL kebdomadis) There was no marked clmical difference between the cases in tM 
different groups but the leptospira are serologically distinguished and an antiserum 
jn treatment for L tclerohaemorrhagtae would have been of use m only a majority of 
the cases Nevertheless there was a considerable overlapping of the antigens and a 
vumea me which had recovered from infection with the stram of one group had a con 
siderable immunity to infection with other races Most of tbe strams were isoUteo 
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(tom black rats and some differed seioIogicaUy from all the human strains Only one 
was isolated from a dog 

The strain L febril 1 (\ervoort iQjs) nas isolated from an outbreak of pseudo 
dcnguemMedan Java 3V bite Fletcher has regarded tt as a distinct strain SchQSner 
bel eves it is only a strain of low vmileiice of L tcUrehaemorr) aitae 

According to Fletcher and Brown there are a number of distinct 
serological races of Z, uterohaemorrhagiae Thej believe that the Anda 
man Indian and Sumatran strains can be distinguished from those found 
m Europe and elsewhere 

There has been much difference of opinion about the advisability of 
regarding all these serological strains as distinct species especially since 
there has sometimes been considerable over lapping in the serological 
reactions Some investigators have attempted to distinguish species by 
the Rieckenberg or adhesion reaction which is still more dangerous and 
of doubtful value for accurate differentiation Hindle Schuffner and 
Yorke (1934) incline to the view that it is inadvisable to regard many of 
the strains as distinct Schuffner states the Indian strains should be 
classified in one variable species though there ma> be some value m retain 
mg the names Sorgdrager and Schuffner (193S) have compared L 
eamcola and (he typical Weils strain with typical antisera With the 
L camcola antisera the reaction was positive in dilutions of 1 30000 
while the reaction with Weil antisera with this organism were never posi 
twe in dilutions of more than t 3 000 

Van der Walle (1938) obtained a culture from the kidney of a dog 
The serum of the animat produced lysis of this culture (L camcola) in 
dilutions of I 3000 and of L teterohaemorrhogtoe in t 10 However 
Reiter (1938) has shown that L tclerohaemorriiagtae L coMicofa and L 
gnppotyphosa have a similar antigenic structure though they may show 
man) variations L kebdomadis however he regards as distinct 

SvaiPTOUATOLOGV 

After an incubation penodof from 6 to 12 da>s (rarely up to 19 days) 
the disease sets m abruptly with fever rigors headache muscular pains 
and vomiting The patient is often prostrated and has the appearance 
of being extremely lU the face flushed and the conjunctivae injected 
Some clinicians regard the intense injection of the ey es as the most striking 
early symptom There is fever of an irr^ular type usually running 
between 102 to 104 F for the first 3 or 4 days when it begins to fall by 
lysis although occasionally by ensis about the fifth day In severe cases 
the temperature may not deebne until about the lolh day Following a 
few days of moderate fever or normal temperature there is a tendency 
for a second rise toward the end of the second week which continues for 
approximately another week when a slow convalescence sets in in favor 
able cases The secondary fever often shows rather marked oscillations 

Jaundice frequently appears about the second or third dav w ith marked 
tenderness of the liver and sometimes slight enlargement of the spleen 
The hue of the jaundice is yellowish rather than greenish and the skin 
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rarely itches Hov\e\er, m some cases pruntis is present Herpes is 
common and ery thematous or papular rashes may occur The unne is 
scanty and high colored, showing albumin and a large amount of urobilin. 
Early in the second wceL, urine of a low specific graMly is excreted in 
large amounts It is usually bile stained The pulse is rapid at first to 
become slow with the appearance of the jaundice Its rate is then usually 
between 75 and 85 and the sy stohc blood pressure often is in the neighbor 
hood of i'’o milbmeters of mercury There is a tendency to sleeplessness 
and nocturnal delirium and m unfa\orable cases the condition may 
resemble the typhoid state when skin rashes petechiae and enlarged 
glands are common Pams m the nape of the neck and calf muscles are 
common features In some instances involv ement of the central nenous 
sy stem is apparent There is stiffness of the neck and a positiv e Kernig s 
sign Diagnosis of meningitis may be suggested Murgatroyd (1939) 
has reported a chronic case of leptospiral meningitis in which leptospirae 
w ere recox ered from the patient s cercbro spinal fluid six and eight months 
respectively after the onset of the disease the spinal fluid hamg been 
successfully inoculated into guinea pigs The patient s serum more ihsn 
2 years after his attack agglutinated the leptospira in high dilutions 
Intis and mdo cyclitis have been reported as complications 

Haemorrhages starting as epistaxis, arc commonly observ ed In some 
outbreaks intestinal haemorrhage has been frequent Haematuna i» 
rarely observed The red cells and the haemoglobin become reduced 
though marked anaemia is unusual There is an increase m the pol) 
morphonucleat leucocytes to about 15 000 to so 000 in severe cases e\ea 
more The Van den Bergh reaction is directly positive Azotemia is 
usually present during the first week and may become more marked later 
the blood urea ranging from 50 to 397 mg and death from uraemia may 
occur The bilirubin content of the serum is often very high, and the 
direct Van den Bergh reaction is often obtained During the second week 
antibodies agglutinins and lysins appear The leptospirae which are 
found in the blood in the early days of the infection soon disappear and 
after a vv eek or 10 day s may be found m the unne where they may persist 
for as long as 6 weeks 

Special Syuptous 

Jaundice — While jaundice is usually present in severe cases in the 
milder forms it may be absent Inada (19x7) found it present in the 
Japanese cases in about 60 per cent Schiiffaer in Holland found in 
severe cases jaundice was absent m only about 13 per cent but in the 
milder ones it was absent in about 58 per cent Fletcher found in the 
Malay States that the percentage of cases without jaundice might even 
be higher In the 2 2 cases which have been reported in the United States 
jaundice was found to be a prominent feature in 21 

In the swamp fever of Russia eastern Europe and parts of Germany 
laundice has not been observed Korthof who studied the disease expen 
mentally and inoculated 11 indivnduals with the disease found 2 of them 
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refractory The remaining 9 developed the disease in from S 9 da>s 
after inoculation The temperature reached 40 C (104 F ) at times and 
sometimes higher However jaundice never appeared In cultures the 
invading leptospira resembled some of the species isolated from water 
but It was found to be pathogenic for guinea pigs 

Prausnitz and Lubinski were not able to transmit to young rats the 
organism isolated from human cases of swamp fever Uhile a number of 
investigators believe that this strain of leptospira from swamp fever is sero 
logically different Kathe considers it identical with Z. tcterokaetnorrhagiae 
In seven day fever of Austraha due to strains of L pomona there is 
no jaundice hut in Japan with that due to L hebdomadis there may be 
a slight jaundice in some cases In the pseudo dengue observed m Deli 
Sumatra in which disease \ ervriort isolated Z. febrilts the jaundice is said 
to occur in some localities and not id others Ilaemoglobinuria was 
observed only once / febnlis has been said to resemble serologically 
in some respects L teterohoemorrhagtae and in others L hebdomadis 
Conjunctival Injection — The Dutch physicians have emphasized the 
occurrence and importance of the flushed conjunctivae According to 
Baerman and Smits the most constant and typical sign of a mild IVeil s 
disease is the injection of the eyes They noted this appearance with 
very few eTceptions in which there was a dull cloudy reddish leady luster 
without the yellowish background of an early jaundice They thought 
the mere raising of the upper lid and observing this condition was sufbuent 
to make a diagnosis in the majority of cases The vessels of the bulbar 
conjunctiva and those of the sclera are all visibly distended beginning at 
the covering fold of the conjunctiva and falling off m intensity until the 
cornea is reached Sometimes only injection of the vessels under the 
eyehd is present The symptom may at times rapidly disappear but in 
other cases it may remain for a considerable time Kouwenaar (1930) 
in Sumatra and Kramer m Rotterdam have emphasized the importance 
of this conjunctival condition and Kramer observed it m about one half 
of the Cases of ^\ells disease without icterus The red eyes of these 
patients due to the ffushingof theepiscleralcapiUaries was said to render 
them conspicuous even at a distance and to be a valuable symptom even 
in typical cases of Weil s disease DcLangen believes this form of con 
junctivitis IS only seen in Weils disease tropical typhus and pseudo- 
typhoid (Kedani fever) Munson Bahr (1936) says that this injection 
of the conjunctivae presenting a distinct network of vessels on the cornea 
and sclerotic is almost pathognomonic He suggests that it is due to 
the primary invasion of the conjunctiva by the leptospirae However 
mconn ction with this symptom Ushould be recalled that Brown (1934) 
who has studied 4 outbreaks of epidemic jaundice comprising several 
hundred cases in all of which there was no evidence of spirochaetal infec 
tion found ocular congestion extremely common 

Cbmeal Stages. — Inada in the studyof the clinical course of the disease 
m Japan has tccognucd 5 stages febnle toxic and convalescent In 
the first or febrile stage lasting 6-7 days the disease usually begins with 



37 ° 


PATIiOtOC\ 


a chill, high fe\er and prostration More common sjmptoms are gastro 
intestinal disturbances abdominal pains conjunctivitis herpes Jabialis 
severe muscular pains and signs of memngeal irritation Examination 
of the blood shows a leucocjtosis and numerous spirochaetes may be 
present However antibodies are absent Some degree of azotemia is 
usually observed The urine contains albumin and casts but the organ 
isms cannot be found in the urine In the second or toxic stage jaundice 
appears in from 50 to 60 per cent of the cases It usually begins on the 
7th or 8th day and extends for 5 or 6 days Many of the cases show 
haemorrhagic tendencies, and prostration nerv ousness and cardiac sy mp 
toms may appear Evidences of bleeding are frequent The liver is 
usually enlarged the spleen only rarely Azotemia becomes more marked 
and there may be oliguria and even anuna During this stage antibodies 
appear in the blood, hut the spirochaetes disappear The leptospiraCj 
however, may be demonstrated in the urine When death occurs it is 
usually in this stage 

The convalescent stage begins about the third week A decrease in 
the icterus and azotemia takes place The antibody production in the 
blood rises The leptospira are usually still demonstrable in the urine 
A secondary rise in temperature occurs m from 28-40 per cent of the cases 
lasting from 5-14 days During this period the blood urea may also be 
increased 

Davidson (1937) and Sladen (1939) have called attention to what they 
term a subchnical form of the disease in individuals exposed to infec 
tion Thus Allston and Brown in a scries of apparently healthy sewer 
workers found that aoper cent of them showed positive serum agglutina 
tion reactions for L tcterohaemorrhagtae Reese (1939) also points out 
that the disease does not always show itself in its well recognized and 
characteristic form Meningitis may be the picture present Murga 
troyd also suggests that it may be wise to consider a possible diagnosis of 
Weil s disease in many cases of memngitis 

Davidson (1938) in the study of 130 cases of the disease among the 
fish workers in Aberdeen, in which positive serologic evidence of previous 
leptospiral infection was obtained suggests that Weil s disease occurs in 
3 grades (i) latent or subchnical infection with or without insigruficant 
symptoms (2) mild infections with pyrena and malaise but without 
jaundice and (3) severe infections with jaundice The first group can 
be recognized only by serologic tests The second group may be suspected 
if the illness occurs in an individual working in an occupation which pre 
disposes to Weils disease However serological tests are of course 
essential to confirm such suspicions He believes the cases m Group 2 
are often incorrectly diagnosed 

Pathology 

Pathological changes are found chiefly in the kidneys In er and skeletal 
muscles Generalized jaundice is often present Capillary and larger 
difluse haemorrhages are frequenUy observed They may be dermal 
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subserous mucosal or cerebral Haemorrhages also are usually present 
in the parenchyma of the bver kidneys and spleen The injury to the 
capillanes is presumed to be due to the tone action of the spirochaetes 
It IS sometimes so severe that It results ID epistaxis haematemesis haem 
optjsis or purpura Frequently the calf muscles and sometimes other 
skeletal muscles show small haemorrhages which are often infiltrated by 
endothelial phagocytes In many instances the liver is sbghtlj enlarged 
and appears jaundiced In some instances the liver cells are swollen in 
other instances granular degeneration may be present In cases when 
death has occurred later m the disease there may be more extreme cellular 
degeneration and often focal necroses In some instances fatly degenera 
tion IS present Usually however it is not more than moderate in degree 
and not of the character observed in yellow fever or in advanced acute 
yellow atrophy of the liver However Sefton (1938) who has reported a 
fatal case of Weil s disease from Brazil in wbidi leptospira were demon 
strated found lesions resembhng those of acute yellow atrophy 

Hams (194a) has compared the patbolopcal obatrvatioM » Wtila disease with 
those in yellow fe e; 

The leptospirae can often be demonstrated in sections by Levaditi s 
method There is nothing characteristic in the appearance of the spleen 
which IS usually only sbghtly swollen The substance is generally soft 
and difBuent The ^dneys are often moderately swollen and jaundiced 
Sections of the kidneys usually reveal granular degeneration of the epi 
thebum and necrosis in the convoluted tubules with infiltration of the 
interstitial tubules bv lymphocytes and endothelial leucocytes Haemor 
rhages are frequent in the intertubular tissues Later in the disease the 
changes may resemble those of an interstitial nephritis and the leptospira 
may be found in considerable numbers In some instances submucus 
pctechiae have been observed in the stomach and intestines 
Prognosis 

The mortality has varied in different countries from 4 to 3s per cent 
m Europe to 48 per cent in certain Japanese outbreaks The virulence 
of the outbreak has varied m different countries and a varying suscepti 
bihty m individuals has been demonstrated In the Maladie de la v ase 
or Fievre de vase the virulence of the infecting organism L %rtppo 
Ivphosa is said to be low and that it is not virulent for rodents There 
is no jaundice in the human cases and attempts to infect z i subjects failed 
in two instances demonstrating their increased resistance Schuffner 
(1934) found in Holland during ro years 43a cases among which there 
were 46 deaths 10 a per cent In his cases with jaundice from 1924-31 
a mortabty of 32 per cent occurred and in 1932-33 a mortality of 16 per 
cent He thought the lower mortality in the later years was due to the 
lessened virulence of Ihediseaseandinpartto the effects of serum therapy 
the use of which had been considerably extended in Holland Schuffner 
believes no one dies of W el] s disease units suffering from jaundice and 
that Heil a disease without jaundice is as harmless as any other lepto- 
spirosis which never shows jaundice in its course like Swamp fever or 
Nanukayami (seven-day fever) TTie mortality in the Andaman 
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Islands has been reported b> Taylor and Go>Ie (1931) as 18 7 per cent 
and m the Isle of Syra (Greece) by Lorando (1932) as 12 per cent In 
the sugar cane cutters of Queensland Cotter and Saw>ers (1935) report 
a morbidity of 18 per cent and a mortality of about 4 per cent On the 
other hand in 30 cases of seven day fever in Pomona Australia there 
was no mortality 

In the typhoidal uraemic and memngeal forms the prognosis is 
usually ver> grav e It is especially grave when the cercbro spinal fluid 
is under pressure and contains an excess of albumin and leptospirae in 
large numbers Nev ertheless death does not ah\ ay s occur in such cases 
Murgatroyd (1939) reported a recovery from a case of meningitis in which 
the leptospira w as recov ered from the cerebrospinal fluid months after the 
onset of the disease Eschbach (1939) has also reported a case of 
meningeal encephalitis in a 12 year old child which was accompanied by 
adenitis and cutaneous eruption 

UtACNOSlS 

Accurate diagnosis is made in the laboratory and depends upon (i) 
detecting leptospirae in fresh blood, (2) by culture from the blood (3) by 



inoculation of the blood into guinea pigs or hamsters * (4) detection of the 
organism in the urine and the inoculation of guinea pigs with it (5) scro 
logical examination 

In the first few days of the disease a search should be made with the 
dark field illumination for the leptospirae Thick films may also be 
stained by Giemsa s solution for examination The organisms are rarely 
numerous and are only present durmg the first days of illness so that 
they are frequently not detected Better results have sometimes been 
obtained by centrifuging fresh atrated blood Triple centnfugation has 
been recommended but Schuflner has emphasized the difficulty of pre 
apitatmg the spirochaetes even at high speeds He recommends centrifu 
Randall Morton and Larson (1944) t»ave pointed out the value 
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gaUon ol lo niiQutes duration at 1500 revolutions when the plasma is 
separated from the preapitated red coipusdes he examines the thick 
la>er He recommends precipitation of the blood as well as examimng 
the thick lajer of the supernatent plasma The plasma may be again 
centrifuged at 3500 rev olutions per mmute and examined for spirochaetes 
Taylor (1931) in some instances has been able to detect leptospirae 
m the blood as late as the 8lh or loth day When not found in the blood 
3 to 5 cc of It or the centrifuged plasma should be inoculated into the 
peritoneal cavity of guinea pigs It the infection is successful the lepto 
spirae can frequently be detected in drops of fluid from the peritoneal 
cavity of the ammal after several days usually being present by the third 
(SchtifTner) The animal usually dies within 10 or is days with character 
istic pathological lesions The tissues are bile stained and the pleural and 
peritoneal surfaces are dotted with haemorrhages Haemorrhages are 
also seen in the various organs especially the lungs The liver is swollen 
and numerous leptospirae are present which are clearly visible in prepa 
rations made from it examined with the dark field 

After the first week of the disease leptospirae should be searched for 
in the urine They are usually most prevalent from the leth to :otb 
day of the disease Centrifuged sediment of fresh urine should be exam 
ined directly and guinea pigs should also be inoculated with it Inada 
reports that practically all cases of the disease showed organisms m the 
unne by the 20th day However some observers have not been successful 
in demonstrating the leptospirae in the unne of tbeir cases Fletcher 
believes diagnosis is most easily made from cultivation in the incubator 
by direct inoculation of the ble^ into blood agar SchUflner also recom 
mends culture as a desirable method of diagnosis He cultivated the 
organism from 51 cases of which 1$ were without jaundice 

In the later stages of the disease after 6 or 7 days during convalescence 
and subsequently antibodies are present in the serum and diagnosis of 
the infection may be made by the agglutination lest and also by PfeifTer s 
phenomenon SchUffner believes agglutination tests are best carried out 
with leptospira cultures preserved in 5 per cent formalin as they do not 
lyse so readily a the living organisms and he has found that the killed 
leptospirae agglutinate up to the highest dilutions compatible with the 
strength of the serum If hving leptospirae are used agglutination 
appears only in the lower dilutions as in the higher ones lysis sets m 
rendenng agglutination impossible However the foimalued organisms 
are often rendered unsatisfactory for the test after some weeks since the 
leptospirae usually become matted together into felt like clots Brown 
and Broom (1939) thought that cultures which have been quite recently 
(otmaUred arc not agglutinated to as high a titer as those fotmahied for 
48 hours or more They believe that there is no doubt that a florid serum 
will give a positive macroscopic agglutination lest after one hour s meu 
bation They however think that the macroscopic method is not nearly 
as sensitive as the microscopic and that in certain serums of low titer 
such as those shortly after the 6lh day of the disease the reaction may 
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not appear if the macroscopic test only is employed Schuffner and 
others used the agglutination absorption test to differentiate various 
strains of leptospirae The agglutination may be positiv e in a dilution of 
I loo after 6-8 days According to Baermann and Smits the serum a 
few da> s later maj have a titer of i 500 The titer gradually rises and 
after about 50 dajs maj be over i 30000 After this period it falls 
They found that about 30 per cent of the sera of all patients might be 
negative after 200 daj's However Postmus (1933) has reported that 
the agglutination may still be demonstrable in some sera after 8 jears 
Schuffner states that certain sera from cases in the Belgian Congo that 
gave a positive agglutination test for VVeil s disease were negative with 
the mouse protection yellow fever test 

Packchanian (1941) has also employed the freshly prepared formalinized anUgcn 
He found the agglutination titer of s cases ranging from i 300 to i 1 000 In S cases 
the titers ranged from t 3 000 to 1 10 000 The remaining 27 cases gave a titer of 
about I 30 000 or higher The agglulmaUon reactions in these diluUons were prompt 
and completed within two hours He concludes that the agglutination testvihen posi 

live IS of great value in the diagnosis of Weil s disease but that negative findings do not 
exclude the disease 

Elberton and Martorana (194a) in a serological study in New Voile City found :o 
speamens of blood of 1 351 etamined in nhich to gave a reaction of ; 320 or more 
They regard a titer of r i 000 as indicative of a present or recent infection 

DiSereatal Diagnosis— In some instances leptospiral jaundice may be confused 
mth bilious remittent fever syphilis of the liver yellow fever liver abscess relapsing 
fever and blaclcwater fever Bilious remittent fever shows earlier jaundice a more 
rapid pube rate and malarial parasites In yellow fever there is a more marked rachi 
algia and earlier and more marked albuminuria The marked leucocytosis of Wol 0 
disease should be of value in differentiation Fageis sign 1 not present in Weils 
disease The inoculation of guinea pigs with the blood or urine of the patient may give 
additional information In yellow fever infection of guinea pigs at autopsy there is 
no jaundice or haemorrhage and feptospirae are absent 

The eitly jaundice and haemoglobiouria of blackwater fever should distinguish this 
disease It seems probable that the reports of apirocbaetes in blackv ater fever came 
about from errors in diagnosis The atropine test may help to identify typhoid fever 
from those cases of W eit s disease unaccompanied by jaundice 

Immunity — By the end of the first week of the disease antibodies become demon 
strable and with their development there is a decrease in the number ol organisms m 
the body and in their infectivity Convalescent sera will protect guinea pigs from an 
otherwise fatal dose of the leptospira The immune serum contains Ivsins which cause 
a breaking up of the organisms in the peritoneal cavity of the guinea pig (I feiffer s 
phenomenon) and also in intro if fresh semin is used 

The adhesion (or Ihrombocyioiann) phenomenan has been sugge ted for differenti 
ation of the various species of Leptospira It depends upon the fact that the organisms 
are altered by their homologous antiserum in such a way that small particles m the 
mixture adhere to their surface The nature of the particles is immaterial— platelets 
Jeucocvtes living or dead bacteria or inorganic substances The serum must be fresh 
or reactivated by the addition of a small amount of complement The phenomenon is 
a manife tation of a specific antigen anbbody reaction and depends upon some physio 
chemical change in the antigen He techmque is simple Fresh undiluted antiserum 
IS mixed with an equal quantity ol a suqiensioii of organisms and £ coh After stand 
iDg for 20 minutes a dark field preparation is examined If the serum is homologous 
the colon bacilli will be crowded around the surface of the spirochaetes Control prepa 
rations are necessary Thi phenomenon has been obtained with trypanosomes as 
well as with spirochaetes It is of interest but is not of great practical value 

For the diagnosis in wild rodents in and around Washington D C Larson(i943) 
has/ound that studies of sectiansofthekidneystamedbyI.evad tissi op 

method and examination of emulsions made from fresh kidney et 
yielded the greatest number of positive result 
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Prophylaxis and Treatment 

Prophylaxis — As the infection appears to be transmitted through the 
medium of the urine and faeces stenlization of these discharges from those 
sick with the disease should be practiced Extermination of the rat 
the host of the parasite is the important method of eradication of the 
disease Scrupulous care to prevent food from being contaminated by 
the discharges of rats and mice also is of great importance in its prexen 
tioE In regions where the disease prexails and is endemic individuals 
should be cautious in regard to bathing and swimming and especially not 
to submerge the head in infected pools and sluggish rivers Fish workers 
sewer workers and workers m damp mines should take care to prevent 
or protect abrasions of the skin which favor infections 

Since fish remnants especially attract tats and since the spirochaetes 
live in the shmy water care should be taken to remove all offal at the 
end of each day s work The floors benches and tables of fish ware 
houses should be vigorously hosed with water and thereafter treated with 
a suitable disinfectant Davidson has found a hypercblonte solution 
in a dilution of i 4000 has a lethal effect on leptospirae 

Laboratory workers must take precautions m handling infected 
animals and wear gloves 

In Japan prophylactic vaccinations with killed cultures of the organ 
ism have been tried The results reported have been favorable but 
further investigations of their value arc necessary More recent work 
has been performed by U am (1953) He has employ ed either an emulsion 
of the bver containing the leptospirae or pure blood cultures with the 
addition of phenol 0 5 per cent and the vaccine refrigerated for 7 days 
He inoculated 10 263 miners with this vaccine Later there occurred 
among them a morbidity of o 3 per cent while in the non vaccinated the 
morbidity was i 13 per cent He found that the serum of the vaccinated 
subjects after 15 months protected guinea pigs against a fatal dose of 
leptospirae More recently \an Tbeil (1938) has studied vaccination 
m Batavia by means of living avinilent cultures of leptospirae He 
employed a strain that had been kept in culture for 8 years without pas- 
sage through animals Its behavior in guinea pigs indicated that it was 
avirulent or practically avinilent for these animals He inoculated 
himself subcutancoush with 3 cubic centimeters of a culture of this strain 
of Ltplospira and as a result passed through a v ery mild atvpical attack 
of \Veii s disease He also inoculated 4 other persons all of whom aUo 
underwent atypical attacks In 2 of them it was practically symptom 
less In one the symptoms were mild butinanotber the symptoms were 
so severe that the volunteer had to stay mbed The severe reaction was 
apparently due to the susceptibility of the mdiv idual He points out that 
this case proves that the injection of avinilent strains of leptospirae are 
not entirely without danger and especially on account of the greater 
susceptibility of some individuals lie thinks that guinea pigs are evi 
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not appear if the macroscopic test only is employed Schufiner and 
others used the agglutination absorption test to differentiate vanous 
strains of leptospirae The a^lutination may be positive in a dilution oi 
I 100 after 6-8 dajs Accordmg to Baermann and Smits the serum a 
fei\ da> s later may ha\ e a titer of i 500 The titer gradually nses and 
after about 50 days may be over i 30000 After this period, it falls 
They found that about 30 per cent of the sera of all patients might be 
negative after 200 days However, Postmus (1933) has reported that 
the agglutination may still be demonstrable m some sera after 8 years 
Schtiffner states that certain sera from imses m the Belgian Congo that 
gave a positive agglutination lest for Weils disease were negative iMth 
the mouse protection yellow fever test 


Packchanian (1941) has also employed the £reshl> prepared formalinired anligen 
He found the agglutination titer of 5 cases ranging from t 300 to i r 000 In 8 cases 
the titers ranged from i 3 000 to i 10000 The remaining aj cases gave a titer oi 
about t 30 000 or higher The agglutination reactions m these dilutions were prompt 
and completed within two hours lie concludes that the agglutination test when pcsi 

tive IS of great value in thediagnosi of Weils disease but that negative findings do not 

exclude the disease 

Elberton and Martorana (194}) in a serological study in ^ew york City found ic 
specimens of blood of t 351 examined in which 10 gave a reaction of j cr f*®'* 
They regard a titer of i 1 000 as indicative of a present or recent infection 

Differential Diagnosis —In some instances leplospiral jaundice may be ceniusefl 
with bilious remittent fever syphilis of the liver yellow fever liver abscess relapsing 
fever and blackwater fever Bilious remittent fever shows earlier jaundice a wore 
rapid pulse rate and malarial parasites In yellow fever there is a more marked rsem 
algia and earlier and more marked albuminuria The marked leucocytosis of * 
disease should be of value in differentiation Fageis sign is not present in »eiU 
disease The inoculation of guinea pigs with the blood or urine of the patient may give 
additional information In yellow fever infection of guinea pigs at autopsy there i 
no jaundice or haemorrhage and leptospirae are absent 

The early jaundice and haemoglobinutia of blackwater fever should distinguish this 
disease It seems probable that the reports of spirochaetes in blackwater fever came 
about from errors in diagnosi The atropine test may help to identify typhoid fever 
from those cases of W eil s disease unaccompanied bv jaundice 

Inumauty — By the end of the first week of the disease antibodies become demon 
strable and with their development there is a decrease in the number of orgarnsnis m 
the body and in their infectivity Convalescent sera will protect guinea pigs from 
otherwise fatal dose of the leptospira The immune serum contains lysms which 
a breaking up of the organisms m the peritoneal cavity of the guinea pig * 


phenomenon) and also tn litre if fresh serom is used 

The adhesion (or thrombocylahann') fhenomenon has been suggested for different 
ation of the vanous species of Leptospira It depends upon the fact that the organisms 
are altered by their homologous antiserum ui such a way that small particles in tn 
mixture adhere to their surface The nature of the particles is immaterial— plat®'**® 
leucocytes living or dead bacteria or inorganic substances The serum must be fresn 
or reactivated by the addition of a small amount of complement The phenomenon is 
a manifestation of a specific antigen antibody reaction and depends upon some physio 
chemical change in the antigen The technique is simple Fresh undiluted antiserum 
is mixed with an equal quantity of a suspension of organisms and E coh After stano 
ing for so minutes a dark field preparation is examined If the serum is homologous 
the colon bacilli w Ul be crowded around the surface of the spirochaetes Control prep* 
rations are necessary This phenomenon has been obtained with trjrpanosomes as 
well as with spirochaetes It is of interest but is not of great practical value 
• For the diagnosi in viild rodents in and around Washington D C tar on 

has found that studies of sections of the kidney stamedby Levaditi ssilverimpregnat 

method and examination of emulsions made from fresh kidney et b 

yielded the greatest number of positive results -x 
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denti> much less susceptible to infection with Lepiosptra than human 
subjects 

Treatment —This would appear to be largely symptomatic Diet 
should be liquid and if vomiting is persistent it should be given as nutrient 
enemata ildd cases require little treatment In sev ere cases treatment 
may be indicated to counteract toxaemia and alleviate persistent \omitmg 
and nephritic symptoms The bowels should be kept moving freely and 
regularly Intravenous injections of H to ^ htre of saline solution or 
Ringer s solution should be given It is advisable to add 5 to 10 per cent 
of glucose to the saline solution For severe cases serum treatment has 
been advocated A polyvalent antiserum has been prepared m horses 
injected repeatedly with cultures of L icterohaemorrhagiae It is recom 
mended that it be given intravenously at intervals of several hours for 
at least 3 or 4 days Manson Bahr recommends 20 cc at least for each 
injection For a man of 70 kg weight a dosage of 60 cc daily for from 
3 to s days DeLangen SchuiTner and Manson Bahr emphasize that the 
serum should be given early m the disease if it is to be eflective 

Tokuyama Ugjg) studied 9 cases in Hamtii 6ot which were treated hyinlravnisiu 
injections of immune serum Four cases recovered and 2 died However out of the 
3 untreated eases » died There was hiile evidence that the treatment bad any effect 
although in 2 cases the injection was followed by general improvement 

Schuftner points out that if the serum i not given until jaundice appears itsefEcses 
i very greatly reduced ^rsphenamme Ha» tri^ in earlier years and found to have no 
effect on the infection Elezamethvlenamine has been recommended Sodium taitro* 
bismuthate has been reported to give good results when injected subcutaneously into 
infected guinea pigs 1/ it i« given early m the disease Heilman and HerreJJ (Jpsw 
infected 64 guinea pigs with L uttrehemorthattcf 32 were treated with pemdun 
none of these died of the disease but 3 died from the toxic effects of penicillin Of the 32 
untreated guinea pigs 29 d ed of Weil s disease From these experiments they suggest 
the po ibilitv that penicillin may be effective in Weil s disease in man 
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Chapter IX. 

RAT-BITE FEVER 


{Stfdckti) 


DEflNtTION 


Rat bite fe\er is a relapsing type of fever following the bite of rats 
infected with Spirillum min»s {Spirillum morsus murts) which hiK 
served to introduce the virus Following the healing of the wound the 
cicatrice shows inflammatory signs with lymphangitis and swelling of 
the tributary lymphatic glands The onset of the disease is sudden with 
ngors and fever The fever continues for several days then the tempera 
ture falls to normal and after an apyreiial period is followed by relai«e 
Numerous relapses may occur during the following weeks and months 
In Japan the disease is known by the name of sodoku (from so ' Tat> 
and doku poison) 


GEOCRAPIUCAL DiSTRIBUnON 

SptrtlUtm minus is an organism as cosmopolitan as the rodents which 
produce it by the bite Cases bactenologically confirmed have been 
reported commonly in Japan and rarely m Great Britain Holisnd G" 
many Italy East Africa the United States the W est Indies and Sout 
America the Philippine Islands NetherUnd Indies India and Awfraw 
Shattuck and Thciler (1914) reported the first case in the United States 
in which the Spirillum was demonstrated Since that time spora 
have been observed m the eastern southern central and western 
portions of the United States Bayne Jones (r^yr) has collected 75 
reports from the literature of the United States from 1840-1930 nnic 
he considered genuine rat bite fever in 5 of which the Sptrulu«> 
recovered Since this tune additional cases have been reported 
may be anticipated that cases of the disease when carefully sough 0 
will be diagnosed in almost every country where rats prevail and live 
close association with, man CeccaJdi (1940) has reported the first c« 
from French Equatorial Africa atBnuaaviUe in which the organism w 

recov ered 


Etiology A*m Epidemiology 
Etiolt^ — In a study of this disease Futaki and others 
spiral organisms in the tissues of the bite area and the adjacent lymp a 
elands (1916) They called the organism Sptrochaela marsus murts 
oteanisms were described as about io»» long including the 
fliBcUae In the blood of man and infected animals shorter and tfnc 
soirochactes were also found While the organism was not found in m 
until lois Carter m 1887 in India discovered SpinUum minus m 
3 ?» 



VJkZ bite rtAEB 


379 


blood of the rat Mus tior-tguut Later it »M found b> Lingard m the 
blood of the bandicoot Neioha banduota and the guinea pig and rat 
vjtie sbo\!n to be capable of infection Sabscquentlv vt 7?as found by 
Borrel (1903) andb> ttenjon (1900) m the blood of healthy and cancerous 
mice Pu>s (19251 found m the 
examination of rats m \msterdaiD 
that 2 of 260 ncre infected nith a 
Spmllitm which is pathogenic for the 
guinea pig causing on infection 
identical with sodobu lie however 
maintained that the SpiriHKW ob 
served m the mouse while of identical 
morpholog) n ilh that seen in the rat 
IS not pathogenic However Scho 
ckaert (1938) belicies that they are 
the -amt species but that the organ 
ism under different conditions shows 
a sariable virulence as could be 
demonstrated from experiments on 
animals 

miioo has not been 
found in the sahsa but the transfer 
seems to occur by a break to the 
tissues containing the organism which is thus inoculated into the bite 
wound It may possibly be excreted in the urine 

Maoquelian (1940) has shown that in rats and mice the spirillum ts 
attracted to the muscle fibers of the tongue In silver preparations the 
organisms may be seen under the sarcolemma but they do not penetrate 
into the thickness of the muscle fiber The spirilla escape from the muscle 
fiber to the surface of the tongue since especially at the top the muscles 
are covered only by a very thin epithelial layer which is easily broken 
Morphology — The organism is very variable in size Most of the 
forms range from 2 to 511 by about o 211 but much longer forms are occa 
sionally seen Tlie coils vary in number depending upon the length ol 
the organism and are uniformly spaced so that their crests are approxi 
mately iji apart The body » ttlalively rigid and one or more flagella 
are present at each pole The flagella may be demon trated by Burn s 
India ink method The organism stains readily with the usual aniline 
dyes or by one of the Romanowsky blood stains and is Gram negative 
Silver impregnation methods (especially the Tnbondeau Fontana stain) 
ate used to demonstrate them m the tissues The motility observed in 
dark field preparations is unlike that of other Leptospira and resembles 
the rapid darting movements of the vibrios The ofganistn remains 
rigid and is apparently propelled by the flagella 

Since this type of locomotion is unlike that of other spirochaetcs some 
bacteriologists consider that this organism should be placed in the genus 
SpirtUunt and refer to it as Spinttum morsttsmurts or Spirillum minus 




Chapter IX 


RAT-BITE FEVER 
{SodoktC) 
Definition 


Rat bite fever is a relapsing type of fev er following the bite of rats 
infected with Spirillum minus {Spirillum morsus murts) nhich bite 
served to introduce the virus Following the healing of the wound the 
cicatrice shows inflammatory signs with lymphangitis and swelhng of 
the tributary lymphatic glands The onset of the disease is sudden with 
ngors and fever The fever continues for several days then the tempera 
ture falls to normal and after an apyicml period is followed by relapse 
Numerous relapses maj occur during the following weeks and months 
In Japan, the disease is known by the name of sodoku (from ‘ so rat 
and doku poison) 

GEOCRAPincAL Distribution 

Spirillum minus is an organism as cosmopolitan as the rodents which 
produce it bj the bite Cases bacteriological]> confirmed have been 
reported commonly in Japan and rarely in Great Britain Holland Ger 
many Italy East Africa the United States the \\ est Indies and South 
America the Philippine Islands Netherland Indies India and Austraha 
Shattuck and Theiler {1924) reported the first case m the United States 
in which the Spirillum was demonstrated Since that time sporadic 
cases have been observed in the eastern southern central and western 
portions of the United States Bayne Jones (1931) has collected 75 case 
reports from the literature of the United States from 1840-1930 which 
he considered genuine rat bite fever in 5 of which the Spirillum was 
recovered Since this time additional cases have been reported It 
may be anticipated that cases of the disease when carefully sought for 
will be diagnosed in almost every country where rats prevail and live m 
close association with man Ceccaldi (1940) has reported the first case 
from French Equatorial Afnca at Brazzaville in which the organism was 
recovered 


Etiologv and Epidemiology 

Etiology — In a study of this disease Futaki and others discovered 
spiral organisms m the tissues of the bite area and the adjacent 1> 
glands {1916) They called themgamsm^^iroc/iae/fl morsus murts -Ihe 
oreamsms were described as about io#i long including the 
flagellae In the blood of man and infected animals shorter and thicK 
sDirochaetes were also found While the organism w as not found m man 
until 1915 Carter in 1887 in India discovered Spirillum minus m t 
37 * 
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ETIOLOGY 


Cultivation — Futaki and several others have reported successful 
cultivation of the organism in speoal media However Shattuck and 
Theiler and more recent invesbgators, have been unable to successfully 
cultivate It 

Transmission — SpirtUum minus is found in the blood of infected 
mice rats or guinea pigs dunng the first two weeks and then becomes dis 
tributed in the connective tissue, particularly around the lips tongue and 
nose They have not been found m the saliva and the transfer of infec 
tion by the bite appears to depend upon the existence of some break ic 
the mucous membrane around the mouth Mooser, working with experi 
mental animals has noted the frequent occurrence of infections in the 
eye and was able to find organisms in the conjunctival secretion He 
suggests that this may be the source of the infection transmitted by the 
bite 

Epidemiology — In nature, a number of rodents serve as the normal 
reservoir of the virus 

The rat jltui tuntticus has been found infected in Japan m about >5 per ceot 
while Jl/«J a/«*8«(fri»ttj was found intecled in that country mabeut-s per cent and the 
mole Mtcretus mentebtlloi m the different provinces of Japan was found infected in 
from IS to 54 per cent In Oomhay the bl^k rat was infected m a per cent aod the 
bandicoot NtMitabintdensu u 11 percent In Calcutta about i per cent of a insll 
number of rata revealed the Spirillum At Caracas South America le per cent of the 
rata examined were found infected and in Amsterdam 3 rats out of aso eaaimned 
revealed the organism hfarcandier and Tirol (1933) at Tubn upon certain warsnipe 
found 18 per cent of the rats infected 

The disease is much more prevalent in Japan than in other couatnes 
and It has been suggested that the construction of the Japanese houses 
gives greater opportunity for the occurrence of the bites of rats than else 
where Besides rats bites from cats weasles ferrets and squirrels may 
cause a similar disease Yaraanato {1938) who has reported 3 cases of 
sodoku following bites of cats and MoUaret (1938J, feel it is difficult to 
decide whether the cat is a true reservoir or whether it is an incidental 
transmitter from an infected rat which it has recently killed or eaten 
The Spirillum can also be present in the blood of dogs showing no symp 
toms Caxamian (1931) has reported a case and Ripley and van Sant 
(1934) 2 cases in which the infection was acquired from dogs Ripley 
infected mice guinea pigs and 2 dogs by the inoculation of the blood from 
a patient and spirilla were found in the blood of the xmee A patient 
suflfenng from dementia paralytica was inoculated with the infected mouse 
blood and developed a typical lesion and symptoms 

Anma (1934) has shown that it is possible to infect white rats by 
feeding them the organs of other infected animals Levaditi (i934) 
found that Spirillum minus in white mice can be transmitted from the 
mother to the offspring cither t» uUro or by the ingestion of infected 
milk He believes that infection per os seems to be a certain method of 
propagating the disease among rodents and he found 5 minus m the 
mammary glands of white mice Also Russi (1938) has injected pregnant 
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Wig ibe uicwbation ptiiod dunng wtacli tme the v-ound o{ the tat bite 
heals there is usuall> a rather suddea on%t with headache nausea and 
marked weakness The cicatrice now becomes inflamed and the sur 
rounding tissues show oedema and at times vesicle formation Even 
necrosis of the bite wound nia> occur Leading from the inflamed 
areas there ma> he a line of tender lymphatics extending to a group of 
swollen lymphatic glands and m the course of this hne induration of the 
muscles may be felt There may be oedema of the hands and legs 
The onset is often characterized by chilb and malaise A rapid pulse 
and prostration are present during the pyrecial period The fever 
rises rapidly to 101 F or 102 F and within 2 or 3 days has reached 
about 104 F and remains bij^h for 2 or 3 more days \bout this time 



It falls rapidly to normal attended with profuse sweating The tempera 
ture remains normal for a few days during which time the local swelling 
and inflammation subside An eruption of purplish spots or papules 
may accompany the fever appearmg chiefly on the chest and arms 
There may be urticarial lesions Joint pams together with motor and 
sensory disturbances may be noted Symptoms of nephritis may appear 
and the urine show albumin and casts 

Misoguchi differentiated four dimcal types (i) With general symp 
toms predominating (2) With local ones mainly noted (3) A type 
characterized by severe pains (4) Cases where the neurological mam 
festatioas even paralyses are prominent 
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rats and guinea pigs subcutaneously and mtrapentoneally with blood 
containing the Spirillum Subsequent examination of the milk revealed 
the presence of the organism in smaller numbers than in the blood but 
they were still pathogenic 

On the other hand Das Gupta (1938) observed that 3 litters of mice 
infected with Spirillum failed to show anj signs of infection and 

infection was not produced m mice by feeding them with unne contaimno 
this Spirillum or by feeding contaminated food Schobl (1933) also 
found that foetuses of infected guinea pigs and mice showed no Spirilla 
indicating that there was no intrauterine transmission of the infection 

Anma (1933) has studied anew the role of fleas m the transmission of 
the disease m hlamla After the fleas were fed on infected rats the 
Spirillum remained alive for one hour after ingestion They were still 
infective after this time when inoculated into guinea pigs However 
after longer intervals infection was not produced Attempts to transmit 
the disease b> the bites of fleas gave uniformly negative results There 
IS also no evidence that other insects serve as vectors and no record of 
transmission from man to man by excreta, or fomites 

Gupta (t933) has found Spirillum nuttiu m the nasal smears of 4 
cases of leprosy out of 3 000 examined in India The nature of the 
SptrtlUm was proved by inoculation of the nasal scrapings into mice and 
guinea pigs and into - human volunteers The latter were inoculated 
with the blood of the infected mice and developed typical symptoms of 
rat bite fever 

PAlnOLOCV 

In guinea pigs or white rats inoculated with sodoku blood or ground up 
material from skin lesions, swelling of the lymphatic glands and of the 
spleen may result with sometimes the presence of spirilla in the blood 
The liver may be congested and show a few organisms White mice may 
appear healthy after inoculation or show conjunctivitis and occasional loss 
of hair Spirilla are frequently demonstrated in the blood by direct exami 
nation Guinea pigs usually succumb to most strains within i or 2 
months after inoculation Tbey become emacuted and may show con 
junctivitis keratitis and loss of hair Spirilla frequently cannot be 
demonstrated in the blood Ripley and Van Sant however found spirilla 
m 3 cases m the discharges from the eyes of the animals There have 
been few recorded human autopisies Degenerative changes have been 
reported in the liver and kidneys In some cases there has been increase 
m spinal fluid pressure and hyper lemia of the cortex Secondary mfec 
tions with bacteria not infrequently complicate the disease 
Symptomatology 

The incubation period varies from 5-40 days or more the average 
being under 10 days In two cases produced by inoculation it was » 
days Greengard and Hess (1941) reported a fatal case in an infant of ii 
months m which the incubation penod was 12 days from the time of the 
bite of the rat The infant died one month later The specific organism 
was recovered by inoculation of mice with the blood of a patient Follow 
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have collected from the Lterature 13 sporadic cases of rat bite fever and 
one of their own in which the organism was identical or closely related to 
the SlreplobactUus tnonxlijormi of Levaditi Apparently the organism 
isolated by Schottmtiller and others is also closely related to this strain 

In 1939 an epidemic known as Haverhill fever (Erythemata Arthriti 
cum Epidemicum) was described in Massachusetts in which an organism 
similar to Strepiohaallus monHtJtyrmts was isolated Investigations by 
Strangeways TunmcliB and Lemierre have demonstrated that SUtpio 
bacillus montliJoTtnis is one of the normal inhabitants of the nasopharynx 
of both laboratory and w ild rats In the cases of Haverhill fever reported 
by Place Sutton and \\ diner iherewasnohistoryof arat bite Arthritis 
was the most persistent symptom while true arthritis is absent in sodoku 
Brown and Nunemaker (194*) have emphasized anew the importance of 
differentiating this infection from rat bite fever 

DucNosis 

Lahoraiory diagnosis of 5 minus infections may be made by demon 
stration of the organism at the site of the bite or in material aspirated 
from a regional lymph gland Occasionally the organism may be found 
m the blood in early cases However it ^ould be recalled that the spi 
riUum usually has not been found either by microscopic or dark field 
examination of the penpheral blood or even in film preparations made 
from the swollen lymphatic glands The organism has been more com 
monly dembnstrated by ammal inoculation Guinea pigs are susceptible 
and usually succumb to the infection In some instances it is difficult 
to detect the spirillum at autopsy However care must be exercised to 
demonstrate that the animal employed for diagnosis is not already 
naturaUy infected before the inoculation of the suspected material is 
made Mooser has reported latent infection in guinea pigs in which no 
chmcal signs of illness developed Das Gupta (1938) found in India 4 
guinea pigs out of 4 harbored a natural infection with a spirillum morpho 
logically identical with S minus Since both mice and guinea pigs may 
be spontaneously infected it is necessary to examine both the blood and 
the peritoneal fluid of any ammals used for diagnostic examination 

Schobl has shown that it is possible to transmit the infection to the 
Phihppine monkey (CynomoJgus phihppinensis) However inoculation 
of monkeys with some strains is frequently without results White mice 
and guinea pigs arc more satisfactory for use in diagnosis The organisms 
are often demonstrable in the blood of mice but m rats and mice infection 
of the blood may be transient and the animals rarely die from infection 
In mice Ozeki reports that the infected ammals can be recogmzed within 
I or 2 months after inoculation by the loss of hair on the belly and chest 
and the nasal line including the eyes and ears 

The Successive waves of the disease with a syphibs like eruption and 
a negative assermann test in an individual bitten by a rat within 6 weeks 
of the onset of symptoms should suggest the diagnosis However in 
some cases of sodoku a positive WassermanQ reaction has been reported 
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. After the critical fall of temper 
i ature there is usually an apyrexial 
period of several days during wbch 
■ time the local manifestations about 
wound and glands subside The 
fever again comes on later to dis 
• appear and reappear The succes 
sive paroxysms are usually of less 
. seventy and separated by increasing 
intervals The fever is suggestive of 
the relapsing fevers The pulse is 
rapid and weak There may be as 
many as ra of these febnie accessions 
and the course of the disease may 
extend over several months There 
is an eosmophilia and during the 
febrile paroxysm a leucocytosis of 
about jj 000-20 000 The spinlla 
should be looked for in the blood 
during the early febrile periods 
The dark field illumination is the 
best method for tbeir demonstration 
Should one fail to detect the organ 
isms white mice or white rats maj 
beinoculated with blood gland juice 
or emulsified tissue 

Secondary Infections — num 
her of investigators SchottmiiUer 
(1914) Blake (1916) Dick and 
Tunmchff (1918) and Anderson and 
Spector (1932) have reported a 
streptothrix infection in rat bite 
fever It is quite natural that the 
primary wound may become infected 
with other organisms than SptrtUurn 
minus and both cocci, bacilli and 
strcptothnxes have been encountered 
in lesions following the bite of rats 
fatal infections of a septicaenuc 
nature having sometimes followed 
Levaditi (1926) reported an infection 
in a laboratory worker who came 
into contact with rats and recovered 
from his blood an organism which be 
named Slreptobacillus tnonilt/ormis 
Farrell Lordi and Vogel (1939) 
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Tfeatufnt 

One or 2 injections of salvarsan (arspheiumine) or some of its denva 
lives will frequent!) cure the disease The usual doses of o 3-0 6 gram 
are generally sufficient Since lecurrences are common in Japan when 
less than 3 injections are given a course of from 3 to 6 injections has 
seemed advisable Otherwise the treatment is symptomatic 

Antimony preparations such as stovarsol and stibosan have also been 
used successful!) b) Schoekert and Schobt Strychnine for the heart 
weakness and tonics during convalescence are recommended Aspirin is 
often necessary to relieve the headache and joint pains Radical wound 
excision of the local lesion is not recommended As a prophylactic 
measure the same precaution should be taken to cauterize the wound as 
one would observe in rabies 
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Blum and Clement (1925) state that they found reports of 14 cases ^ith 
posifne and xs njlh negative Wassennann reactjons They cjte a case 
with a negative reaction before and a positive one after rat bite fever 
infection Riple> and Van Sant found m 2 medical students m Chicago 
who des efoped the disease follontag the bite of a dog that the Wassermann 
reaction w as w eaklj positive or negative during the duration of the infec 
tion but the Kahn test was positive Das Gupta (1938} found that two 
experimentally infected human solunteers gave consistently negative 
Wassermann reactions but 4 guinea pigs infected from one of these ases 
all developed posili\ e reactions Savoor and Lew tfawaite have found that 
the sera of rabbits infected with uncontaminated slrainsof^^inffttm m«n«i 
(Rat Oite Fever) dev elop a^futinins for the 0 \ K. strain of proteus m 
much higher titer than after infection with Rtciellsta Isulsuimush 
From further expenmenis they concluded that there is an 0 \ K com 
ponent in Spinliiim mntis unconnected with nctettsia m general srd 
tsutsugamushi in particular and it is suggested that the common antigenic 
factor IS a polysaccharide 

Iiwauru^ — The immunit) conferred upon man and amoials b> sn 
attack, of the fever generally protects against the second attack Mo 
Warn and Okuda demonstrated the presence of bactenolyttc aatibodies 
in the scrum of convalescents and the scrum may agglutinate the organ 
ism in low dilutions Das Gupta experimentally infected a human 
volunteer who had 3 bouts of fever and after treatment with arsphena 
mine recovered He was reinfected with the Spinihtm, firit 2 months 
and again S months later but proved re/ractorj lo further infection 

Prognosis 

Wiy’ake has reporled in Japan in untreated cases aoiortahlyofabout 
los per cent However since the introduction of arsphenamme therapy 
by Hata the deaths hav e been rare Most of the fatal cases have occurred 
dunng the first severe febrile attacks although some have resulted 
from nepbntis or other complications Bacteria! infections of strepto 
thnx streptococci or stapbylococa frequently occur and may complicate 
the prognosis 

Solomon and others hav« employed experimentally induced rat bite 
fever as one of the diseases for the treatment of general paralysis The 
disease thus produced may be severe and have undesirable features 
value in the treatment 0/ general paralysis has not yet been definitely 
established 

Prothw-axis 

Effective prophylaxis depends upon rat destruction and the prevention 
of contact with rats especi^ly in dukened areas where rat bites are more 
likely to occur 

Id Manila it has been ioimd that the distnbution of rat bite lever 
and plague are coextensive and that measures taken against one disease 
are also effective against the other 
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Sympton^tology — In the pie\ious edition o£ this book seven daj 
fever was classed with the dengue like fevers because it at times showed 
a typical saddle back fever course The onset is abrupt and the period 
of fever is attended by prostration musde pains headache and anorexia 
The lymphatic glands are enlarged in almost all cases and occasionally a 
measles like eruption has been noted on the forearms Conjunctival 
congestion is common and there may be a very shght jaundice although 
some observers have failed to find this more distinctive feature of I\eil s 
disease Albuminuria is common 

It is often confused with dengue in proof of which seven day fever 
has been descnbed as showing a leukopenia with polymorphonuclear 
decrease as for dengue while the Japanese observers note a leucocytosis 
Some case reports show a relatively slow pulse for temperature as in 
dengue Future studies may show that some of the cases belong to the 
dengue group and others represent very mild attacks of Weils disease 

The agglutination test may be of assistance m distinction The blood 
of convalescents can often be demonstrated to contain specific immune 
bodies and when such blood is inoculated into the abdominal cavity of a 
guinea pig with the culture of the leptospua a positive Pfeiffer a reaction 
may be obtained Fletcher has isolated leptospira m the Malay states 
from a variety of febnle cases some resembbng dengue He has sepa 
rated these Organisms into 6 groups or strains but they are more or less 
related serologically The Dutch investigators in Sumatra have also 
found kptospirae in fevers of from 1-5 days duration with no jaundice 
as well as in more severe cases with jaundice and finally in 2 cases 
resembling blackwater fever 

Treatment — There does not seem to be any satisfactory specific 
treatment and one should treat symptoms as they arise 

PSETOO DENGUE OF JAVA 
[Ltptospirons Ftbrilu) 

Vervoort (1923) studied in Java an unclassified fever in which he found 
a spirochaete which he named Leptospira pyrogeves The organism was 
found in the blood from the first to the sixth day of the disease It was 
demonstrated more often by cultures than by direct etanunation of the 
blood It was also isolated from the urme later m the disease The 
organism was pathogemc for guinea pi^ and resembled serologically in 
some respects L icterokaemorrhagtae and in others L hebdomadis The 
disease provoked by it was reported later as endemic in the plantations 
of Deh Java and was characterized bv an acute onset and an attack of 
fever of 6 to 7 days duration resembbng dengue Icterus was variable 
being present in the cases in some plantations and absent in those from 
others Severe headaches and pains m the muscles especially in the legs 
were noted The fever was irregular and lasted from 2 to 15 days In 
10 per cent of the cases there was an erythematous or papular eruption 
The Van den Bergh reaction was directly positive In the cases with 



Chapter X 

OTHER FORMS OF LEPTOSPIROSIS 


Other related forms of Leptospirosis have been descnbed especially 
under the names of Seven day fever, Autumn fever Pseudo dengue 
Akiyama disease, and Marsh or Swamp fever 


Seven dav Feves 


This may be defined as a dengue like (or saddle back) fever of about 
seven days duration caused by a spirocfaaete, Leptospira hehdomadis 
It has been studied chiefly in India and Japan, but probably has a wider 
distribution The disease is known in Japan especially under the names 
of Nanukaj ami and Sakushy u fever It is also sometimes termed autumn 
fever 

Etiology — There is evidently quite a dose relation between L hehdo 
madts and L telerohaemorrhagtae but Ido and his colleagues claimed 
differentiation by serological means Tagawa (1935) reported his studies 
as inconclusive More recently Schuffner (1934) and Reiter (1938) have 
likewise reported differences m agglutination between L hehdomadis and 
I tclerohaemorrhagiae SchUffner also emphasized as a distinction that 
the former causes epizootics m voles Fletcher (1934) Malay 

States has m addition isolated a strain corresponding to L hebdomadts 

Mochtar and de Redde (1941) have reported Manukayami disease 
from Java the sera of a number of the cases agglutinated (L kebdomadtsj^ 
in a diluation of 1 35 000 from 3 of 4 cases the leptospira was cultivated 
from the blood and urine in Noguchi s medium 

The parasite is found with difficulty m the blood of patients from the 
second to the fourth day of the disease It is cultivable m the same 
manner as the spirochaete of Weil s disease It is also found in the urine 
When the blood of patients is injected into young guinea pigs a ‘Cbnle 
condition is produced which is often fatal and the spirochaetes are found 
m their blood and organs These animals show jaundice in only abou 
17 per cent while the findings with L tclerokaemorrhagtae approximate 


100 per cent « ij of 

Epidemiology — The disease affects those who work in the nelas 
certain Japanese districts and the reservoir of the virus is the short eare 
field vole or field mouse Mterotus montebelloi The spirochaete has been 
found m the kidneys and urine of about 3 per cent of these (wild) nei 
mice The disease is found especially among workers m certain forests 
where the rodent prevails It has been suggested that transmission may 
occur through the bite of this rodent but it would seem also probable ma 
.nfection is connected with the spirochaetes given off in the urine in 
spirochaetes should be searched for in the urine of man at the end of th 
febrile period and may continue to be eliminated for 4 or 5 weeks llmr 
have been no fatal cases reported and no distinctive pathological anatomy 
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Teplosfnra grtppolvpftosa aqiiattlis S« amp fever and the question of the 
specifiaty of this strain has already been discussed in Chapter \ III 
Schuffner (1918) found a leptospm resembling morphologically L 
Kierohaemorthagtae in a patient who died of blackwater fever The 
spirochaete was abundant in the blood liver lungs and kidneys The 
blood showed heavj infection but when inoculated into guinea pigs gave 
negative results In 1934 Schtiffner noted again that he had observed 
leptospirae which he did not succeed m cultivating m 2 cases of idiopathic 
blackwater fever not caused by malaria in Deli Sumatra No additional 
reports of this nature are known 

References 

\be T Causatne Agent of Hasaim fever (Spirochaeta autumoalis) Japanese Jl 
Exp U d la jjj 934 

DeLangen C D ftLichtenateui A OuucalTeit boot, of Tropical Medicine iji 1936 
Moehtar A de Reede C A RijkebuKb id Nanukayami Disease m Java Jeneesk 
Tt]dsekr af {^eierl Indie it 2492 1941 

Ido Y Ito H i. Warn H Sp rocbaeta hebdomadis tbe Causative Ageat e( Seveo 
Day Fever (Nanykayaou) Jl E pe Mled 28 4 JS 1918 
Reiter La maladie de ^^*ll ea AUemaDge But Of Inl djlyg Pub 36 1747 1934 
SehuSner U Uebe; lafecUoseo Icterus uad uber eisea Spirocbatenbefund bei eioer 
klm seb ala Scbwarrwaaserfieber verl ufeDdeQ CtkraskuDg Gt tesk T jdtekr v 
^ed Ind e 332 I9i9 

Tataswff S Bpidtmie de fi^te aquaUque ou lepiospiros s gnppotyphosa aquatique 
Bull 09 Int Hyg Fubl 683 935 

\enoart II Spirocbaeten bt; acute koottsge tiekteo vas onbekenden oorsprosg 
m de Tropen Geneesk Ttjdsekr 9 Bed ladie 800 1923 
t\aleh— Sorgdrager Ak ysmi and Nanukonu or se «o day lever Marsh or Inundation 
fever Bull Health OrganiMUin League of N t one 8 No 3 201 >09 1939 



39° MVRMI FF\ER 

jaundice the urine showed urobiUnuna albuminuria, and true nephnUs 
was sometimes observed Hacmoglobinuna was noticed in one case 
The disease was in general benign death being observed in j or 3 per 
cent of the cases It was distinguished from dengue by the presence of 
the albuminuria the absence of leukopenia and the case with whichone 
could demonstrate the spirocbaetes Kouwenar, m his thesis published 
in Amsterdam m 1924, differentiated between (0) this dengue like form 
of fever Sptrocfiaelosts febrosimplex and (A) Sptrochaelosts Jebnlts cum 
xettro 

Fletcher (1934) states that most of the strains of leptospira he studied 
m the Malaj States belong to the group represented by the strain L 
pyroxenes of Vervoort However, Schuffner formerlj suggested it repre 
sented a strain of L tcUrohaemorrhagiae and the disease a mild tj^e of 
Weil s disease 


Akiyaui Disease 
{Autumn Ftrer) 

This fever which was described particulatlv from the Province of 
Schizuoka in Japan was reported to be due to two species of fepCospira 
A and S, morphologically identical with L hebdomadis More recentl) 
serological studies have showrn that the leptospira of t>pe B is identical 
withZ hebdomadis while the leptospira of t>pe A (Letospiraaulunmidu) 
according to Koshina and Schiozowa is different and ver> virulent for 
guinea pigs Abe (1934) also found the causative agent of the disease 
known as Hasami in Japan to correspond to 5 aulimiialts Herepiotted 
9 cases of infection in Nagasaki and found the organism to be serologically 
distinct from S leterohaemorr/iagiae and 5 hebdomadis Some writers 
regard Akiyami disease as identical with Seven day fever (Nanukajaoi) 

Marsh Fever 

{Slaladte de la Vase and Ftevre de Vase schlaminfieber) 

This disease has been observed on various occasions since 1880 m 
Silesia Savony and Bavaria and Russia (Moscow), and is an an icteric 
disease which has been observed especially m epidemics or outbreaks 
at times of inundation among people who are obliged to work or live in 
swampy regions Numerous investigators have emphasized the iropor 
tance of such a condition in the etiology of the disease as implied by the 
names swamp or marsh fever The incubation period of the infection 
has been reported as from 5 to 9 days The fever m some instances has 
reached io4°r and even higher However no fatal cases have been 
reported Jaundice lias not been observed The leptospira has been 
isolated from the blood during the incubation period of the disease and 
during the first two days of it It is pathogenic for guinea pigs but appar 
ently the organism isolated from the human cases is not pathogenic lor 
small rodents Tarassoff (i 93 S) found the organism named it 
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Iti* intertstmg to read the viewsof SydcD^mat to the origin of the great epidemic 
of syphilis at the end of the fifteenth centuiy But to me it rather seems to have 
taken nse from some nation of the hlacks npon the borders of Gumea for I have been 
mformed by men of great veracity whobavehvedin the Canbbee Islands that the slaves 
which are newly brought from Guinea even before they land and likewise those that 
live there are afilicted with the disease Ontt**ceDtIy} Also that it seizes the whole 
families — men women and children 

And as far as I can learn this disease which so frequently attacks these miserable 
people does not at all diSer from that we call the venereal di ease with respect to symp 
toms — pams ulcers etc allowmgfordiversityof climate But it goes under a different 
name for they ent tie it the yaws Nordoes their method of treatment differ from ours 
for they carry it off with a sahvation ra sed by quicksilver 

It seems to me that the disease was brought into Europe by Spaniards who first 
contracted it from negroes they had purchased in Africa in parts of which the disease 
may be endemic for the barbarous practice of eichangmg natives for European met 
chandise prevails m many places on the border of Guinea This contagious distemper 
spreading rapidly would have made the world a bo pital and destroyed mankmd But 
like vegetables transplanted from ita native place to a foreign climate it flourishes less 
m Europe 1 nguuhes daily and its symptoms grow milder 

lluch has been wntten of the possible identity in earl tr years of yaws and such dis 
eases as button scurvy of Ireland sibbens of Scotland and tadesyge of Norway and 
Sweden Button scurvy was endeeuc p rticuUrlytn the rural districts of the southern 
counties of Ireland m the eighteenth and early part of the nmeceenth centuries The 
desenpUans of it suggest the possibibty of its b ving resembled yaws The disease 
was described as occurrmg only among (he country people and its transm ss on ascribed 
to a transfer of the virus by fomites The lesions were reported as reaching the aise 
of a pea or a nut following tbeur development Iron ichmg spots They were covered 
with a dry cru t which reformed il removed The favorite seals ( the eruption were 
the palms of the hands and the inner sides of the thighs and the arms They were 
rarely p esent on the hairy scalp and when on the scrotum or perineum could easily 
be mistaken for condylomau After lasting for some time they ibnvelled the scabs 
fell off and only a ted spot remained 

In connection with sibbens which prevailed in Scotland m the seventeenth and 
eighteenth centuries and with ladesyge a disease reported from Norway and Sweden 
in the e ghteenth and early portion of (be ometeenth centuries we apparently have 
ccounts of a severe form of syphilis 

Geographical Distributioa — Yaws is esseotially a disease of the inhabi 
tants of warm countries The disease ts delimited by the Tropics of 
Cancer and Capricorn Today it is common in the cst ladies tropical 
America and throughout equatorial Afnca It is less commoD m Tripoli 
Algiers and the Sudan In the Far East it ts prevalent in the Malay 
States Ceylon Snm Netfaeilandii India Burma French Indo-Chma 
the Fhibppmes and the East Indian Islands and other Pacific Islands 
particularly Samoa It is also present in North Australia In most parts 
of India and China it is rare In parts of the West Indies and Central 
Africa and m Fiji and Samoa the great majority of the natives suffer 
an attack of the disease m childhood Recently it has been v ery prevalent 
in Kenya Tanganyika and Uganda and ts said to be spreading rapidly 
In Haiti it has been estimated that 8o per cent of the rural population are 
infected and during a number of years mass treatment was given annually 
to some 400000 cases Manson Bahr (1940) states that yaws has dis 
appeared to a great extent m recent years from Guiana Barbados and 
even Ceylon where it was previously nfe 



YAWS OR FRAMBOESIA 

Definitioh and Svnonyms 

“Yaws, or framboesia, is an infectious, contagious tropica! 
disease, characterized by an initial cutaneous papillary lesion followed 
.. Sranulomatous eruption upon the skin and in 

some instances by late destructive lesions especiaUy of the skin and bones 
U IS caused by Tr,pmcm,i ptrUmu found m the serous discharges of the 
with salt arsau”'^ l>™Phatic glands It readily yields to treatment 

Yttglish speaking parts of the tropical uorld the 
designation jaws is the usually accepted name while in the French 
pnssessions the word plan ’ is equaUy common In the literature of the 
SI!?.,!,. ‘"‘•“'"“y employed is Iramboesia a name applied 

y uvdge ^cause of the supposed resemblance of the fungous lesion to a 
raspberry On account of the ambiguity of the designation framboesia 
Charlouis proposed the name ‘polypapilloma tropicum ’ The colloquial 
names for the disease in vanous parts of the tropical world are Angola 
motaba Ceylon parangi Malay Federated States 'puru' Java 
patek Brazil bubas Fiji coco Samoa, lupani or ‘ tono 
New Caledonia tonga Gold Coast ' dube 


History and GEOCRAPHicAt Disteibutiov 
History —Hillary tells us that the disease described in the thirteenth 
chapter of Leviticus was probably yaws but admits that the description 
which Moses has given us is so short and indefinite as to make this a 
V ^ doubt Some authonties think that a disease described by 
the Arabian physicians of the loth century was vaws but the first descnp 
tion of what was undoubtedly yaws was that of Oviedo, who m the 
i6th century described such an affection as existing in the West Indies 
Bontius later on noted its existence m the East Indies as well as m the 
West Indies According to Labat it was especially prevalent among 
the Caribs 

It IS known that yaws often occurred in epidemic form on board the 
slave ships and it is thought that this disease may have been an African 
importation into the New World It became extremelv common in the 
West Indian slaves brought from Afnca Bnckell (1737) noted that in 
North Carolina yaws was very prevalent m the African sUves of that 
colony 
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Etiology — The treponema of yaws Treponema pertenue discovered by 
Castellani m 1903 « morphologically indistinguishable from the Tre 
ponema palltdtim of syphilis 

It IS characterued bv the same sharp cut corkscrew spirals as the 
syphilitic spirochaete discosered by Schaudinn earlier m the same year 
Treponema perleniie is found in the epidermis of the yaws granuloma and 
has been demonstrated in lymphatic glands ind spleen and in some 
Instances in the bone marrow Although it has not been demonstrated in 
the blood through microscopical examination it must exist there as 
monkeys infected with the blood of yaws patients may develop the lesions 
of yaws with the spirochaetes present 

Cultivation — The orgamsm found m yawsissery difficult to cultivate 
Its cultisation was formerly reported m Noguchi s ascitic fluid media con 
taimng a piece of fresh animal tissue the media being covered with a 
layer of sterile paraffine However a number of investigators have since 
failed to cultivate it and such spirochaetes as have been obtained in cul 
turea were avirulent for animals It is also doubtful if the organism of 
sypbibs T pallidum has been successfully cultivated Zinsser and 
Bayne Jones (1939") hold this view 

Animal Inoculation —Monkeys and rabbits can be infected by inocu 
lation with discharges from yaws lesions In rabbits most observers 
have described dry lesions following skin inoculation with yaws whereas 
with syphilis they resemble chancres Turner and others reported that 
the epididymo orchitis m rabbits following inoculation with yaws was 
much less marked than with syphilis 

Uonkifi —The work of Scb bl (192$) bas been so extensive and 1 paiastakiog 
that It would s em well to outime bnedy a lew pomis 10 hu study of yaws m the monkey 
lie inoculated Cy molf fkU pp neniu with cmulsiBed matena) from yaws leiions 
sh w ag ipiro h etes by the dark field exanunation The injection was made latnder 
mally with a sir all hypodermic tynnge Most of (he inoculations were made into 
the skin of the nose eyebrows and acrotuca The a latter sites gave the best takes — 
that of the ey b owe g ving a rather dry type of lea n aod that of the scrotum a large 
lesion with abundant supply of yaws matenal Of ifi eyebrow lOocutaUona (< were 
successful a d of 7 scrotal ones alt took In from 3 to j weeks after i oculation on the 
eyebrow there appea ed either a single papule mult pie acuminated p p les or a fi t 
indurated papule These pnmaty lest ns eiteod as raised indurated oval plagues with 
unbroken surf ce until they may measure one half tneh or more Later on fissures or 
ero ions appear on the surface and these soon become covered w th a rather soft brittle 
crust of amber colour — in larger lesion the color of the crust may be darker from blood 
admixture When the Kabs are rnnovedanoozi g sbghUy bleeding gran ilation t ss e 
IS uncovered. This yaws lesion corresponds to th typical y w in man Later tber 
13 a spreading toward the periphery and an apparent healing n the cent r (i ngworm 
form) Aa these lesions spread they become drui and resemble circinate psoriasis 
more than ringworm When the in culaton was made on the scrotum there follow d 
a moist ipre dtng les on surrounded by an tea I intact skin infiltrated by a rather 
ba d oedema In som places the m igi s were r ther unde mined An elevated 
g anulomatous lesion formed co ered with brownish yellow sc bs and surr unded by 
a sLgblly elev ted reddish zone The lesnns spread with only si ght faeaUng m the 
ceater and may involve the entire half of the scrotum and base of the perns before 
regressmg In the monkeys inocul ted for the first lime the disease runs its course 
without de el p ng the sec ndary Or metastatic les am (one e ceptionl as seen in man 
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DISEASES DUE TO PROTOZOA 


Eiioiocy MV EncEinoLocy 

Hutchinson, v\ ho espcaally studied philis insisted upon the syphiiilic 
nature of >aws, and more recently a number of observers have concurred 
m that opituon Perhaps the most conservative view in this respect is 
that we have >n jaws a i&odtfied virus of syphilis — a less virulent one 
producing a disease which haS been modified through maaj j ears of 
successive passage of the virus through the epidermis in black sbnned 
races by the habits of life of these people and by the climate and hygienic 



conditions under which they live There is much evidence in support 
of this view Chandler (1940) points out that whether or not yans 
vvasonginally evolved from syphibs or vice versa or whether under suit 
able conditions alterations can still occur are largely academic questions 
However practically at least m its early stages y aw s is a recogniaably 
distinct disease and one which the physician m the tropics should be 
fauuhar with The relationship of yaws to syphilis has been most care- 
fully studied for many years by Admiral C S Butler and many of his 
views, espcaally in recent year* have been generally concurred in 
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L«\&diU &nd Nattan Lamer reported success tu uoculatmg yaws monkeys with 
syphilis but faQuie to moculate sy^ibs mCected tnoakeys with yaws vims thus sug 
gestmg yaws may be a mild form of qrphdis 

Other erperiments in rabbits by a number of ob ervers ha e also indicated an 
immunity to yaws m animals hrst infected with syphilis and a partial immunity to 
syphilis in those infected with yaws From Samoa Fi}i Guam and other parts of 
the world where yaws is almost universal m the natives we have reports from careful 
observers that these natives are immune to syphil s although exposed to syphilis from 
ntercourse with syphilit es of other races 

Jahnel and LaDc,e made attempts to moculate gereral paretics with yaws virus 
obtamed from a strain earned by passage through rabb ts (a Nichols strain) but with 
out a single take Later on they inoculated S cases of general paresis with the strain 
of yaws sp rochaete obtained from Pearce and Bro n with unsuccessful results As 
a control a case of multiple scleros s responded to inoculation 

Van der Schaar (1933) also tnoculalcd yaws spirochaetes mti 40 individuals w th 
paralytic demer tia without result except in patient who however had a negative 
Wassermann reaction 

Ashbure and Craig succeeded in inoculating monkeys with yaws butwereunsuc 
ecssful in their attempts to inoculate Cyntnulgut pk I pptntns s with syphilis The 
rabbit responds to intratesticular inoculation with y ws virus as well as with tb t of 
syphilis hut Nichols thought that with sypbihs the oodules were larger and the degeu 
erative changes more active 

Cifierences in virulence of the syphilis and yaws viruses as well as of individual 
strains of them are suggested by soma of these inoculation experiments m men and 
nimals However the suscept bibcy of the host may m some instances also have 
influeaced the results It has also been shown by some stud es in experiinenUl yaw 
inoculatwa that the trepoaema does not su vive in the lymphatic system after the lesioi s 
h ve healed as it does in syphdu Turner and Ch sney 1934 ha e compared the 
expenmental yaws infection m rabb ts with syphilis in these animals attention being 
f cu ed on the incubation period initul lesions after intr testicular end intr cutaneous 
inoculation metastatic lesions and season I vtriaiior The results showed that no 
diSerences were noted in the rabb ts inoculated itb 8 diBe ent strains of yaws virus 
The d sease picture produced by the yaws viius presented striking and for the most 
part constant d^erences from tb t produced by the H it strain of syphilis This 
strain of syphilis gave nse in rabbits toa d sease wh ch was similar in every way to that 
produced s veral strains of syphilitic virus isolated m the temperate zone These 
results lend support to the view that yaws nd syph I a are not identical 

Takahas f 937) injected 5 poll dun and S perltnu nto the testes and skin of 
rabbits lie found the esse tial point of d flerenc was the distriVution of theorgamsm 
w dely into the tissues with mucoid degene twn and essel walls a the case of 5 
palMum but congr gated m heaps without mucoid degenerati n in the case of S 
pt le ue Th syphiUt c animals showed spi oohaetes nd necto is n the ep thel m 
and coiium of the skm but th yaws le ions were usually c nhnea t the epidermis 
5 perlcHu; was seen only seldom in the cor umand ot stall in the subcutaneous t sues 
It W'as abundant m the epidermis and the p ickle cell I y t the outer ha r sb aths 
Th s distr butionof p r/<« < in tb rabb Is skin Issues is maccordance with that fourd 
byScbtlffner S chert and Hallenberger a dotbers m the skin of luman beings suSering 
from yaws Takabasi also found changes m the aorta m 68 rabbits infected with 
syphil s and none in 13 inf cted with yaws 

Ferris and Turner ( 938) m th u studies o Jamaica with 3 strains i^Iated from 
y ws and from syphil s found pronounc d and co 5 stent d fferences n the e lution 
f the lesions caused by T pe I nut and T paUtdam when inoculated into the skin of 
rabbits The init 1 lesion was p oduced mo e rapidly with f pallidum than with 
T pt lenue T pallidum produced more well d veloped le ons which d d not subside 
as did those produced by T f te u Ifowever m les ns f c mp r ble siz the his 
tolog c changes are qu ntitat vely the same in yaws and syphilis consisting predomi 
nantly n lymphocytic nfiltrat on about ha i foU clea and small blood vessels The 
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ETIOLOGY 


By supenafection or again laocuIaUng the monkeys presenting existing or heileilpn 
mary yans lesions Schobt was able to produce generalized yaies In the monkeys He 
notes that the secondary lesions are more characteristic than the primary one The 
secondary yaw may resemble the primary one but more commonly it is smaller elevited 
sharply outlined and oval There u a dark crust which abruptly vanishes into the 
normal skin Upon removing the crust we have an oozing granulomatous papiUomat 
ous formation which in appearance resembles a raspberry These Inoculations of 
animals in some of which the primary yans had spontaneously regressed show that 
reinoculability of animals cannot be used as a criterion of therapeutic sterilization In 
some of the superiafected monkeys the yaw spread from the eyebrow down the nose 
and cheeks reaching the mucous membrane of the nose Even with healing of the skin 
lesions the process may continue in the nasal mucosa which started however from 
continuity with the skin lesion Schobl thinks tbst the spread of the gasgosa 
ulceration can occur only in man or an animal in an allergic state— the monkeys with 
siQular extensions to the nasal mucosa but not supennfected never showing the destruc 
tive mutilating processes of gangosa 

Other late yaws manifestations such as lupus like or other ulcerative 
lesions and keratoderma of the plantar surfaces are similar m the monkey 
to those seen in man 

Human Inoculation — The fact that b> means of the secretion from 
the jaws lesions the disease could be transferred to another person 
was well known to the slaves of the West Indies and furthermore they 
practiced autoinoculation m those children not showing a generalued 
eruption Schobl explains the occurrence of the disease m adults by the 
fact that they failed to have generalued yaws m childhood and thus did 
not acquire sufficient immunity to prevent infection, and it ma> be that 
this fact was known to the Afncan native centuries ago 

Paulet m 1848 successfully inoculated 14 negroes, the eruption m 
10 cases appearing at the site of inoculation Charloms performed similar 
experiments and in addition he inoculated a yaws patient with syphihh® 
virus and obtained a chancre at the site of inoculation This experiment 
should not perhaps be accorded the importance that was heretofore 
attached to it, as Schobl has shown that immunity even to yaws itself 
is not acquired while the secondarv dissemination continues It has 
been held that immunity to syphilis is acquired much earlier than is that 
to yaws still Chesney and Kemp have shown that with syphilis m rabbits 
the infection must obtain for over three months to bring about immumty 
if the animal is cured with arsphenamine before this time reinoculation 
IS successful There would seem to be a true immunity apart from latent 


infection 

Relationship to Syphilitic Virus — Inoculation experiments m ammais 
(monkeys and rabbits) have shown that while the animals which have 
been inoculated primarily with yaws virus may sometimes be successfuHj 

remoculated with the virus of syphilis on the contrary animals inoculatea 

with the syphilitic virus are often immune subsequently to yaws infection 
However recently Schabl has shown that monkeys who possess a high degree of 
immunity to yaws produced by repeated inocnlations of yaws virus are also subse 
fluentlv immune to cuUneous inoculation of a strain of syphilis virus A compKi 
immunity to yaws apparently does not develop in the monkey until about 7 montBS 
alter its primary infection 
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of Assam yaws only gave condyloma like lesions about genital perinea! 
and aciUary regions but when these people went down to the hotter plains 
they developed florid j aws Also Sellards Lopez Rizal and Hasselmann 
(1931) found that while yaws is widespread in the mountains of Northern 
Luzon (Philippine Islands) at an altitude of approximately 800 to 1200 
meters the yaws cases observed m the mountains showed a stnking 
peculiarity in that the cutaneous lesions in 90 per cent of the patients 
were limited to mucocutaneous junctures of the mouth nose anus and 
genitalia 

In some countries it is largely bmited to rural districts in which syphilis 
IS rare whereas in the towns yaws is uncommon and syphilis venereallj 
acquired is prevalent 

Infection is usually acquired innocently in childhood The spiro 
chaetes may enter the body through some cut or abrasion of the skin 
either by direct contact with discharges from the lesions or indirectly 
particularly through the agency of flics The greater the attention to 
personal hygiene the less probable is the spread of yaws which is one 
reason that Europeans are rarely infected although the disease may be 
prevalent m the native population In countries where it is prevalent 
It IS chiefly a disease of children the adults possessing immunity as the 
result of attacks in childhood White children often are additionally 
protected when they are kept clothed and dean 

The spirochaetes are not able to penetrate the uninjured and unbroken 
skin Unabraded skin surfaces offer a barrier to iniection but in the 
tropics native children are frequently naked and suffer from numerous 
abrasions or skin ulcerations which provide a suitable point of entrance 
for the virus whether introduced by direct contact with a lesion on another 
child or by indirect transmission through contaminated material 

Transmission — ^Yaw s is a readily communicable disease and man and 
monkeys may be successfully infected with material from one of the 
lesions of the skin with the production of typical granulomatous papd 
lomata in the inoculated subject Auto inoculation also may occur during 
the early course of the disease in man and the infection spread to other 
parts of the skin and mucous membranes not already invaded Lesions 
may also be produced in the testicle and scrotum of rabbits by inoculation 
Nichols showed that the lesions produced in rabbits might be milder than 
those of syphilis are more apt to be multiple and are more easily cured 

The disease is not venerea! and infection in man occurs most com 
monly through abrasions in the skin by direct contact with an individual 
afflicted with yaws Direct transmission of the virus from a yaws lesion 
to an open wound of the skin may occur also through insects especially 
flies 

Flies ate generally recognized as potent factors in the spread of the 
disease the avidity with which they feed on yaws lesions having frequently 
been noted 

Kumm (193s) has brought forth evidence which suggests that in 
Jamaica the minute fly Iltppelates paltipes of the family Oscmidae may 
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lesions of yaViS subside rapidly wluletlio e of syphilis become indurated by new Jornu 
tion of fibrous Ussue In the earliest lesioos of both syphilis and yaws excised (one 
»<el: after inoculation) the spirochaetes were located m the epidermis sad teisted 
structures the hair follicles In the syphilitic lesions the organisms were also seta la 
the adjacent dermis in and about small btood sresseU The multiplication of T ferlcnae 
appeared to be arrested early and the inflammation reaction produced was slight, 
r faliuiam however continued to xnultipty in both epidermis and dermis spreadisg 
deep into the tissues accompanied by an infiltration of lymphocytes and other cells 

In the larger lesions of sypbihs necrosis and an exudation of polymorphonuclear 
leucocytes are prominent and spirochaetes are numerous In the lesions of yaws 
there ate few spirochaetes and they disappear rapidly There is no evidence of phago 
cylosis of spirochaetes hy any type of cell in cither yaws or syphilis 

Turner U937) concludes (i) that T pallidum possesses palbogemc 
properties which differ from those of T perienue and (j) that the dif 
ferences noted between yaws and syphilis in man are due in part at 
least, to inherent differences in the causatite agent of each disease 
Thirteen strains of vaws spirochaetes studied gave rise to the same tj-pe 
of lesions in rabbits and each of 8 strains of syphilis spirochaetes recovered 
from persons living m Jamaica produced lesions which while similar to 
each other were readily distinguishable from those produced bj ja«s 
upirochaetes 

The treponema of syphilis as contrasted with the treponema of jaws 
may be referred to as panblastolropic, with a tendency to m\adc and 
multiply in all tissues and produce lesions in them hut it is especially 
mesoblastic in its tendencies (Sthbbl) SyTihilitic lesions are found 
for example in the sUn the mucous membraoes the bones the muscles 
and the viscera, as well as m the nervous svstem The organism may 
also invade the cardiovascular system and the placenta, giving rise to 
congenital syphilis On the other hand the treponema of yaws may be 
designated as epiblastotropic in its tendencies, invading and producing 
lesions as a rule in only certain tissues, parlicularlv the skm and later 
the bones Usually the internal organs the nervous and cardiovascular 
systems are not invaded and the disease is not congenital In a few 
instances lesions of the internal organs and of the cardiovascular system 
have been reported in yaws However syphdis has not been ngidiy 
excluded in rainy such cases 

Epidemiology — Human and animal experiments show the teadv 
transference of the disease to a second aninial by inoculation in wnica 
the initial lesion makes its appearance in about threv weeks, to be followed 
in roan by a generalized eruption a few weeks later 

Yaws shows a striking limitation to the tropics and the effect of climate 
upon yaws IS seen in the fact that it is so limited and does not spread n 
temperate climates from cases occasionally introduced Al o it is more 
common at low altitudes and m areas with higher rainfall in the tropics 
In the colder climate of the mountains in some tropical countries there 
IS a tendency for the cutaneous lesions to become condylomatous and 
limited and to occur particulariy about the genital penneal and axillary 
regions Thus Ramsey noted that in the cold climate of the mountains 
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cent of those infected were Cuban bom and 55 per cent of these Cubans 
were negroes Kinell (1944) has reported a case in a white man m the 
South Pacific He was American borne of Italian parents 

Immunity — In man as well as in aiumab it has been demonstrated by 
experimental inoculation that one attack of yaws frequently confers pro 
tection against a second attack Turner (rgjfij confirmed these facts 
by human experiments Immunity to reinoculationof heterologous strains 
of vaws spirochaetes develops slowly during the course of the natural 
disease and seems to de\elop more slowly than in syphilis Within the 
first 3 years reinoculation may give rise to a modified attack of yaws but 
after a period of 10 years the majority of yaws infected persons are refrac 
tory to reinoculation Schobl has called attention to the possibility of 
excituig immunity in early cases of treponematous disease by the use of 
treponema vaccines He suggests that the inoculation with treponema 
antigen during the early stages of exaggerated tissue reactivity will accel 
erate the onset of immumty and prevent occurrence of late lesions of yaws 
and that such inoculations could be used also as a preventive measure 

There is much convincing evideoee that an individual who has acquired an immunity 
to yavs IS also immune to syphilis and vice versa In Cuam naval med cal officers 
repeatedly have noted the stnhine immunity to syphilis of the natives almost all of 
whom have had yaws in childhood andD nietsobserved the same fact in Fiji Hudson 
(1936) described in the desert Arabs of Syna a form of syphilis (Eejrl) largely acquired 
1 noeently in childhood which closely resembles yaws except for the absence of a pri 
mary yaw but f und no venereal syphil s among them The Uucr disease however 
was prevalent among the Arabs in the towns Butler (1939) suggests B je{ n con 
genital syphilis Suet 941 points out tb t a striking difierence between the two 
treponematoses yaws and bejel is the gre t frequency of oral mucous patches in bejel 
and the infrequency o yaws 

Relation to SyphiLs — ^Thc exact relationship of yaws to syphilis is 
still a matter of controversy Chambers (1937) points out that it is 
generally accepted that yaws is not hereditary and that it does not give 
rise to any congenital stigmata corresponding to Hutchinson s teeth 
bossing of frontal bones iritis etc Those who maintain that the diseases 
are distinct point out other diSerences in cbnicdl manifestations and in 
the lesions in expenmental animab which have been discussed They 
also have emphasired (i) The usual absence of mucous patches in yaws 
Carter however found no mucous patches in aji American negroes with 
syphilis although he found ai cases among an equal number of white 
patients (2) The lanty of tabes and paresis in yaws These condi 
tions are also rare in syphilis among primitive peoples in the tropics 
(3) The reported absence of typical aortitis Recent observations how 
ever show that aortitis may not be uncommon and Carl AAeller (1936) 
from a study of the aortas of 169 cases in Haiti a majority of whom had 
had yaws concluded that yaws and syphilis produce identical lesions 
But it has been thought by some that some of these cases had syphilis 
As mentioned Takahasi (1937) who has infected rabbits with strains 
of syphilis and yaws found changes in the aorta in :68 rabbits infected 
with syphibs but none in 13 infected with yaws or in 3 with rat bite 
fever In the syphilitic rabbits necrosis of the media and inflammation 
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be an actual earner of the orgaiusm of yaws He has observed enormous 
numbers of these flies on the ulcerative lesions and has found Sptrochaela 
perlenne in the anterior gut or oesophageal di\ erticulum or stomach of the 
fly The spirochaetes survive for about 7 hours in the diverticulum and 
It IS suggested that the yaws infection is transmitted to another individual 
by regurgitation of an infected “vomit drop’ when the fly feeds upon any 
abrasions of the skin or ulcerations which may be present Kiumm and 
Turner (1936) showed that rabbits could be infected with yaws by scan 
lying the skin and crposing them to JItppela/es paUt-Pcs which had fed on 
infective discharges These flies were observed in swarms feeding on 
the discharges from yaws lesions Over 1500 flies were caught feeding 
on yaws sores within 15 minutes In Jamaica the curve of incidence of 
new cases parallels the rainfall and (consequently) the prevalence of 
HippelaUs 

Thompson and Lamborn (*934) in Africa, have shown that non biting 
haematophagous muscids feed readily to repletion on blood serum 
serous exudate ulcers sores, and also secretions from the nose, eyes and 
mouth After a meal a certain proportion of these flies pass blood or 
serum m their numerous dejecta which may contain large numbers of 
protozoa or the Trepontma perienue of yaws 

These flies can infect anv breach of the surface of the skm either 
through their dejecta or by regurgitation 

Trepontma perienue of yaws was shown to pass rapidly m a viable 
form through the gut of Ilfusca speelanda, and so could easily be deposited 
on cuts and abrasions 

Age Distnbubon — In the West Indies and Ceylon about two thirds 
of the cases occur before puberty although no age is entirely exempt 
Turner and Saunders (1935) report that in Jamaica among more than 
1800 persons who had had yaws, the disease was acquired before the age of 
15 years m over go per cent Saunders and Muench (1937) found in 
Jamaica m a yaws infected rural area that the proportion of the popu 
lation with yaws increased rapidly to a level of 70-80 per cent at 15-20 
years of age after which there was a gradual decrease The peak of the 
infection rate occurred at about 8 years when about 20-30 per cent of the 
people were infected This was followed by a more gradual fall They 
found few new infections after 30 However, Parto Castillo (193°)' 
m Cuba where the disease is comparatively rare found that 14 P«r 
of the cases were ov er 40 years of age 

The disease is much more common m males than in females In some 
localities from 2 to 3 times as many males as females are infected 

Race — Another feature to be noted in the epidemiology of yaws is the 
vastly greater susceptibility of colored races, even those of mixed white 
blood showing a certain degree of immunity In fact, it is almost exclu 
sively confined to the colored races Also there appears to be a p« 
dilection for certain native races On the whole the negro and negrito 
stock IS especially liable to attack In Cuba where Castillo (i93®/ 
reports the disease is limited to a single province Oriente 97 
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usually observed la contrast to syphilis there is usually not the pen 
vascular cellular infiltration which is seen in the conum m that disease 
A cofflcnon 2a(e lesion nf yaws consists of gummatous ulceration 
of the skin and subcutaneous tissue The histologic studv of these ulcer 
atue lesions shows that the pathological process is characterized by the 
presence of granulation tissue in which then are richly cellular areas and 
proliletation of the fibrous tissue with very few if anv giant cells The 
inflammatory process is usually of rather a diffuse character and not 
sharply limited in nodular form *s it so often la in syphilis The cellular 



exudate is composed particularly of plasma cells endothelial cells fibro 
blasts polymorphonuclear leucocytes and small round cells In a few 
instances nodular areas are present in the center of which coagulation 
necrosis has sometimes occurred This central area is surrounded by 
proliferating fibroblasts and round cells and this zone in turn is surrounded 
hy an area of granulomatous tissue which b nchl> \ ascular and contains 
many round cells endothelial cells plasma cells and a few polvmorpho 
nuclear leucocytes Eosinophils are not prevalent or noticeably increased 
in number in the tiscue The vessel w^ls show in some areas moderate 
endartentis and thickening of the walls and evidence of penartentis with 
proliferating endothelial celts extending into the surrounding tissue 
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of the media and adventitia were observed and aneurism was frequent 
In a number of the human cases Tilth aortic lesions the possibilitv of 
syphilitic infection could not be entirely etcluded (Chandler, 1940) 
Hazen (1936) has emphasized the frequency of annular lesions and 
condylomata m the syphilis of the American negro The annular or 
circmate type of lesion however has been noted myaws (ringworm vaws) 

Nevertheless the morphological identity of the organisms their com 
mon serological relationships, and the response to the same therapy as 
well as the general similarity of many of the experimental lesions and many 
of the chmcal mamfestations indicate that the diseases are evidently very 
closely related For years in numerous articles and m his monograph on 
syphilis (1936), C S Butler has insisted that yaws IS syphilis modifiedby 
race climatic influences immunity, cxlragenital infection in childhood 
and absence of specific treatment He has made a very careful and pro 
longed study of this question and a number of his views have been con 
curred in by many during the past few years Butler and Peterson have 
suggested the term treponematosis as including yaws and syphilis One 
must admit that from a clinical standpoint the term treponematosis or 
treponemiasis is especiallv convenient for the tertiary lesioris of yaws and 
syphilis, which cannot often be distinguished except sometimes by the 
history of the case and the history is very frequently a very doubtful point 
among miny of the peoples who commonly suffer with yaws 

Patkoloov 

The cutaneous lesions of yaws are papules which soon become eroded 
and moist and etude a yel}owi»h secretion which dries into a crust On 
removal of the crust a superfiaal excoriation with clean cut edges is seen 
lined with granulation tissue which bleeds readily On examination of a 
section under the microscope elongated papillae may often be seen m 
the base of the exconation or superfioal ulcer, sometimes almost reaching 
the surface Frequently there is hyperplasia and thickening of the inter 
papillary pegs and below polymorphonuclear cells and a dense infiltration 
with plasma cells Usually the Treponema perfemie is found only m the 
epidermis but occasionally it may be demonstrated in the perivascular 
tissues, m certain of the elongated papillae 

A striking feature of the yaws lesion i:> the great thickening of the 
epidermis and the degenerations which occur in the epithelial cells In 
the later stages there may be hyperkeratosis Much of the thickening 
of the epidermis is due to serous exudate and leucocytic infiltration Id 
the epidermis the leucocytes are often grouped m circular masses as m 
mihary abscesses or they may be scattered diffusely throughout the 
epiderrms The elongated papillae ate vrascular are frequently mfii 
trated with lymphocytes and leucocytes and often show small haemor 
rhages m the conum particularly in the deeper portions Plasma cells 
are very numerous and constitute the great majority of the infiltrating 
cells though lymphocytes and x moderate increase in fibroblasts are 
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Stitt (1929) pointed out that the mam point m the pathology of a 
yaws lesion is the predominating m>oIvement of the epidermis and the 
comparatively sbght change in the conum In a Levaditi stained spea 
men the spirochaetes are found in the epidermal layers instead of in the 
conum as with syphihs 

Visceral Lesions — It is usually stated that yaws confines itself to the 
skin even faihng to invade the mucous membranes Involvement of 
mucous membranes may sometimes occur through direct spread from the 
skin m contrast to common pnmaiy mucous lesions in syphilis Noel 
has reported involvements of the na al buccal and conjunctival mucous 
membranes in yaws and there are many descriptions of invasion of mucous 



membranes in the gangosa lesions of tertiary yaws In Schobl s 
monkeys the nasal mucosa was invaded by eTtension of the process down 
the skin surface of the nose Acheson m ri cases 3 in adults and 
8 in children noted lesions completely on the mucous membrane of the lip 
Among the Fijians Harper has reported circulatory and central 
nervous system involvement Lambert m the Fiji Islands after empha 
sizing that syphilis is almost unknown there reported that 42 had died of 
general paralysis of the insane and he thinks many of these probably had 
yaws m childhood In a series of 5*6 consecutive autopsies at the Haitian 
General Hospital Choisser was unable to differentiate the visceral lesions 
of yaws from syphilis and made the diagnosis or recognized the lesions as 
those of yaws from the clmical history He thinks the first evidence of 
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Marked evidence of extensive endartentis and thickening of the vessel 
wall so characteristic of syphilis, is not present Rather surprising is 
the slijiht tendcncj in the ulcerative lesions to the secondary invasion 
of the tissues by spirochaetes and fusiform bacilli and bj coca Spiri>- 
chaetes have not been found in the corium of any of the cases studied In 
some instances it is only by the histological study that the lesions can he 
differentiated from those of 6\philis Ilovrcvcr, m other cases it is not 
possible to distinguish the well advanced tertiary lesions of yaws from 
those of syphilis and hence a fen observers classify all such lesions 
including those of the viscera ami cardiovascular system under the tfrni 
treponcmatosis 
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Williams (193s), who has carefully compared the pathology o{ yawS 
and syphilitic lesions also concludes that the late ulcers of > aws and those 
of syphilis are so much alike that a diagnosis between them is frequent^ 
impossible The differences in the histological picture ate not mark^ 
enough to be decisive in many jf not most cases Ferns and Turner (i93o> 
also think that in many cases the histologic criteria for the distmciion o| 
the cutaneous and subcutaneous I^ons of yaws and syphilis are m general 
unreliable However Williams bdieves that the evidence that has been 
presented to show that aneurysms of the aorta are caused by yaws appear* 
unconvincing and that it is probable that the internal viscera in general 
are not involved in yaws, though the autopsy evidence upon this point is 
insufficient 
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However Manson Bahr (1935) points out that no visceral change& 
have been found peculiar to >aws although T pertenue has been encoun 
tered in the spleen lymphatic glands and bone marrow He emphasizes 
that the important point of contrast in the morbid anatomy of yaws and 
of syphilis IS the ab ence of endarteriti m the former and its frequency 
in the latter 

SYlIPTOilATOLOCV 

The native with yaws rarely presents himself at a clinic until the skin 
lesions are abundant or the joint or bone pains cause him to seek relief 
The efScacy of arscmcals and bismuth preparations in treatment has 
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probably tended to change this attitude but even now the old fear in 
some localities handed down for centimes of the striking in of the disease 
may cause the patient to hesitate to subject himself to a treatment which 
willcausethe motheryaw to disappear as il by magic Jtwasacustom 
of the slaves in the West Indies to inoculate children having but few 
lesions in other parts of the body in order to multiply the lesions and 
thereby to lessen the seriousness of the after course In this way a super 
infection was produced In earlier years tertiary lesion of yaws were 
not recognized and some of the lesions that are today reported as terttarv 
manilestations of yaws were frequently referred to as syphihs Before 
the recognition and acceptance as yaws sequelae of the disabling and 
mutilating conditions of the later periods there was little objection to 
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yaws damage may show itself in a degeneration of the intima of the aorta 
vsith yellowish patches of atheromatous change, the lesions being as a 
rule about a mm above the aortic cusps but not appearing to invade the 
valve Itself The atheromatous change may extend down to the iliac 
bifurcation He believed aneurvstns were extremely common m late 
>a\vs all varieties being encountered and that there was a tendenej to 
early rupture The cpicaidium was more or less opale cent with porce 
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lam hhe patches These areas were also frequently seen in the endo 
cardium In the hver Choisser frequently found small supernew* 
punctate scars which showed on section areas of degeneration with assO' 
ciated round cell infiltration Actual arrhosis was rare Gumroata o 
the liver also were rare but did occur Haemorrhages into the brain and 
cord were common especially m young adults Weller (193®) 
believed the lesions of the aorta may be identical in yaws and syphn's 
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However Manson Bahr (*935) points out that no visceral changes 
have been found peculiar to >&ws although T perieiiHe has been encoun 
tered in the spleen ii mphatic glands and hone marrow He emphaswes 
that the important point of contrast itj the morbid anatomv ol ) aws and 
of syphilis 13 the absence of cndartentis m the former and its frequency 
in the latter 

SvanpiouATOLocv 

Tie native with yaws rarely presenls hiinsdJ it a riiaic until the siiu 
lesions are abundant or the yomt or lione pains cause him to seek relief 
The efficacy of arsenical and bismuth preparations in treatment has 
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probably tended to change this attitude but even now the old fear in 
some localities handed down for centimes of the striking mof the disease 
may cause the patient to hesitate to subject himself to a treatment which 
^ ill cause the mother vaw to disappear as tf b> magic It was a custom 
of the slaves in the West Indies to inoculate children having but few 
l«was in other parts of the body in order to multiply the iestons and 
Ihertby to lessen the seriousness of the after oiurse In this nav a super 
infection »as produced In earher years tertiary lesions of yaws were 
not recognised and some of the ksiona that are today reported as tertiary 
mamlestalions of yaws were iiequentiy referred to as syphihs Before 
the recognition and acceptance as yaws sequelae of the disabling and 
mutilating conditions of the later penods there was little objection to 
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V aws damage na> shoiv itsel/ la a de|,eneration of the intima of the aorta 
with yellowish patches of atheromatous change, the lesiors being as a 
rule about s mm above the aortic cusps but not appearing to invade the 
valve Itself The atheromatous change may ettend down to the iliac 
bifurcation He believed aneurjsms were extremely common in late 
>aws, all varieties being encountered and that there was a tendercj to 
earij rupture The epicardium was more or less opalescent wi*h porce- 
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lain like patches These areas were also frequently seen m tie endo 
catdium In the liver Choisser frequently found small superncw 
punctate scars which showed on section areas of degeneration with asso 
ciated round cell infiltration Actual cirrhosis was rare Cumniata 0 

the bver also •were rare hut did occur Haemorrhages into the brain an 

cord were common, espeaaDj in young adults Weller ^ 

believed the lesions of the aorta may be identical m yaws and sypni 
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D0K4 which often abate upon the af^arance of the initial papule at the 
site of inoculation There may be enlatgetnent and tenderness of the 
tnbutary l> mphatic glands about the tune of the appearance of the erup- 
tion This initial lesion may be siu^e or there may be several papules 
grouped together In some cases tl may be impossible to gel any history 
of a primary lesion or it may have been overlooked The pnmary lesion 
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js almost invariably exttagetutal and it has the same appearance as the 
‘tsiQjis of the secondary stage thus diff»ing from syphilis 

The yaws lesion whether primary or secondary starts as a papule 
^hich in a few days enlarges to the are of a small pea It is conical and 
surrounded by an mflammatory atcda At this time the thickened 
'P'dermis begins to crack and a yellowish seropuruleat fluid exudes front 
the underlying fungoid base It We«ls easily but ts not painful It 
** this fungoid yellonish or jelJowish red tubercle which has been thought 
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the dn ision of the clinical course into the primary stage and the sccondar> 
one With the designation of these late manifestations as representing 
a tertiarj stage, the objection was raised by some that such a division 
confused the separation of ja»s from sj^hilis If the dualist insists on 
a different terminology the division of yaws into the initial stage the 
generahzed stage, and the sequelae might be regarded as acceptable 
Sellards and Goodpasture arc convinced that in many cases jans term 



nates spontaneously with the secondary stage while in other cases it lies 
latent, or proceeds to tertiary manifestations 

The Imhal Stage — The native child without clothing and 
frequent skin wounds furnishes favorable opportunities for the mlroduc 
tion of yaw s virus either by contact with an infected child or with fonutes 
or insects which have been feeding on the yaws of other children 

During a period of incubation, averaging 3 or 4 weeks vague digestif 
troubles nocturnal headache joint pains and an irregular fever may be 
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organs 12 However the usual statistics fail to give more than one or 
2 per cent of lesions of the genital organs 

According to the Jamaica \aws Commission (Saunders Turner 
Johnston 1935) m approTimatelv 75 per cent of the persons m Jamaica 
with yaws mostly children the imtial lesion occurred on the lower legs 
and feet Very commonlv in children it occurred about the mouth 
rarely on the anus or prepuce 

In their ordinary locations the yaws tuberclen are not painful unless 
pressed firmlv but when toe tied on the palms of the hands or soles of the 
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feet the thick skm of these regions exerts pressure so that m such situ 
ations the lesions are painful 

In some cases itching of the papules may be troublesome The rule 
IS for the secondary lesions to resemble the primary one yet in read a 
symmetrically distributed papular eruption much like that of syphilis 
has been reported by some as a mamfestation of yaws Some have 
reported dry scaly patches scattered irregularly over the body as pre 
ceding the more characteristic gianuloinas These desquamating patches 
may disappear and reanpear in the course of successive eruptions In 
this stage a generalized painless enlargement of the inguinal glands has 
been described much as in syphilis Tlie generalized stage lasts from 
3 or 4 months to 2 or 3 years the yaws tubercles coming out m successive 
crops m long standing caseA 
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to resemble a raspberry hence the name franiboesia French authors 
liken It to a fii, v, hich has been turned inside out The papule or papules 
ma> continue to enlarge until there is present a cauliflower like mass 
I or 2 inches m diameter coaered bj a moist dark honej comb like crust 
The single tubercles are generally round or ov oid and \ ar> greatly in size 
averaging one centimeter in width by four millimeters elevation The 
developed primary lesion has sometimes been termed the mother yaw’ 
The Generali ed Stage — ^In from 6 weeks to 3 months after the appear 
ance of the initial lesion which may have dried up and left only a scar 



FlG pft — Chara tcrisCic I cben 1 1 eruption In framboes a (After Mayer ) 

or which more commonly is still present there again set in malaise head 
ache and joint pains with or without an irregular fever 

The secondary eruption is made up of lesions having the same charac 
ter and course as the primary yaws tubercle In the general eruption 
the papules appear not infrequently m the region of the junction of skin 
and mucous membrane as about mouth nose and anus In such regions 
thev may become v ery moist and resemble the condylomata of syphuis 
Besides their location on face and about the perineal region they are 
numerous on neck arms legs and buttocks They are rare on the tru^ 
and scalp Noel gives as percentage of sites of the initial lesion bo" 
extremities 46 upper extremities 18 face 12 trunk 12 and genu 
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from 10 to II weeks and the lesions were similar to those of the imtial one 
Interesting was the fact that one of the 6 cases failed to show an initial 
lesion folloiiing the first and second woculations but developed macules 
on the palms and papules on the hairy part of the neck which contained 
treponemata 

The Wassermann reaction was positive a or 3 weeks after the appear 
ance of the primary lesion and increased rapidly in litre No fever was 
noted in any of the cases The glands tnbutary to the primary granuloma 
enlarged first and were followed by a generalized enlargement — this being 
greater than that generally noted in syphilis 

The Sequelae or Tertiary Lesions of Yaws — Daniels noted in the Fiji 
Islands destructive lesions of the naso pharvngeal region which he thought 



Fig 99 — P»p U m f th 1 of th foot C h yaw» (Aft r 5 ha£f ) 

might be associated with a preceding yaws attack He noted cutaneous 
lesions which resembled lupus vulgaris Boissiere has noted not only the 
nasopharyngeal lesions and lupus vulgans like ones but also tibial involve 
ment joint swellings and dactylitis 

Nuroa Rat described various tertiary manifestations There may be 
subcutaneous nodules about ankle or leg which soften and may produce 
bone lesions and deformities He noted destructive lesions of nares 
pharynx and palate which may set in years after an attack of yaws His 
description of the process startuig as an ozoena or sore throat followed by 
destruction of the uv ula velum palati and septum nasi is much like that 
of gangosa Howard has noted the greater frequency of destructive 
lesions of the nasopharynx in those parts of Africa where yaws is prev alent 
than in parts where syphilis prevails 
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Peaih.j.T T \ pes oj 1 tywz —When ya« s tubercles develop m the paltDS 
of the hands or soles of the feet we have k very painful and incapacitatng 
condition resulting The pressure of the thick unvieldmg epidermis oo 
the tubercles beneath gi\ ea nsc to marked pain, thus diiTering from tuber 
des on other parts of the body Eventually these tuberclesbreak through 
and the affected sole may have a norm eaten appearance The name 
crab yaws has been applied to such a condition mtolvmg the soles 
of the feet and was so called from the difficulty m walking which was said 
to resemble the locomotion of a crab In some cases the yaws tuber 
cles adjom one another to form a circle enclosing unaffected skin Such 


Fics 9? — Thicken ng of uitta *boye wnrt and end lyfje' tibi» Nco''4 (irspO”'™ 
«> %') (Hsreard Afnctm Cxp d tion ) 

an arrangement of lesions has been described under the name of rmf 
worm yaws" 

Inoculative Lesions — To study supermfeciion in yaws Sellards Lacj 
and Schobl inoculated six volunteers and in tjie cases obtained a sharpiv 
outlined granuloma about 5 cm m diameter and-about 3 5 mm rfevs 
tion The color was reddish and the appearance lobular There ws* 
erosion but never ulceration excluding secondary infections Therf 
primary lesions yielding trqionmata, aj^ared m from 3 and one hait 
to 4 weeks after inoculation The rtiiwKulationa were made about t 
after the appearance of the granuloma of the first inoculation and there 
resulted at the site of the succeeding inoculation papules or granulomas 
similar to those of the primary one The secondary eruption appeared m 
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Patients with the disease have raxdy been observed prior to the full 
development of the muUlatiDg ulcerations In a few cases however it 
was noted that the mucous membiane involvement occurred from the 
adjacent skin lesions or that a patch of membrane appeared in the region 
of the soft palate This membrane rapidly became hotvycombed and an 
evamination t or 4 daj-s later showed underneath a deep ulcer surrounded 
b> an area of marked congestion 
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The ulcerating process usually advances rapidU destroying bone as 
well as soft parts The process seems to extend from within outward 
giving rise to a funnel shaped loss of tissue The ulceration advances 
upward and forward eventually destroying the nasal septum and struc 
lures lotming the tip of the nose leaving the uppier lip as the lower border 
of this external opening As a rule the larynx is not affected The nasal 
duct seems to be prone to attack, and it is through this channel that the 
process may reach the eve to bring about destructive tendencies m that 
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According to Castellam the characteristic lesions of tertiary yans are 
gummatous nodules and deep ulcerations 

In many cases, the lesions persist as chronic ulcerations which may 
invade the neighboring tissues extensively Shattuck (1930) has studieil 
particularly N gonde a name applied locally m parts of Central Africa 
to tertiary lesions of yaws which are characterized by scarring and ulcer 
ations of the skm and subcutaneous tissues Such lesions were espeaally 
observed where the bone lies close beneath the skin e g , on the forehead 
face joints of the shoulders elbows wrists lower legs ankles and feet 
Periostitis joint lesions and dactylitis were frequently seen 

In recent years joint and bone lesions have been more frequently 
reported as complications of yaws than formerly In addition to a form 
of multiple dactylitis a vaws onychia is well recognized Maul has esti 
mated that about 20 per cent of the cases of yaws in the Philippines show 



bone or joint sequelae The \ ray examinations bring out rarefied area* 
of bone, most of which appear to start within the bone although at tunes 
the process starts penpheraJJy 

Periosteal nodes similar to those of syphilis occur not infrequen > 
on the anterior surfaces of the long bones or the forehead An ostei s 
may result in a sabre shin, or produce deforimties of the arms or fingers 
Chesterman (1930) has found antenor postenor bowing of the tibia as 
one of the commonest bony lesions of tertiary yaws in the Congo 
vitis of yaws origin may give joint changes similar to those of syp" 

Among other tertiary manifestations of yaws may be mentione 
gangosa juxta articular nodes and goundou heretofore classed as separa 
diseases 

Gangosa {Rhnopharyngtiis ^f1a^lans) — A Spanish commission 
1928 investigatmg the diseases of the I^drone Islands separated ganger 
(which in Spanish means muffled voice) from leprosy The condition 
IS now well recognized as exisUng m those parts of the world where ya 
IS prevalent 
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Goundou — This condition has been reported from various parts of 
the world where yaws IS common especially Central Africa South America 
and Jamaica In 1882 note was m^e of the presence of the homed men 
among natives of the West Coast of Africa Another native name is 
anaWire Many views as to its etiology have been advanced but its 
foEowmg so closely upon secondary yaws often commencing m quite 
young children and the lact that goundou victims have an immunity 
to heavy inoculations with yaws virus and that along with the develop 
ment of goundou go the other tcrbary lesions of yaws all of which can 
be controlled in the early stages by arsphenamine make it reasonable 
to place at least manj cases of goundou in the category of sequelae 
of yaws 

Along with persistent headache and a thin purulent discharge often 
tinged with blood the enlargement 0! the nasal processes of the upper 
maxilla proceeds in a downward and outward direction Osteocopic 
pains worse at night are frequent The shape is general!) oval and b> 
involving other bones of the face a projecting tumor as large as the first 
may finally result The overlying sLm is normal and is not attached to 
the bone As the erostoses grow larger the nasal passages are obstructed 
and later on vision is mierfered with by obstruction of the line of vi ion 
The growth does not tend to invade the orbits 

Botreau Roussel gives the followmg statistics as to the frequency of 
locations of etostoses m tertiary yaws paranasal 121 other tumors of 
the superior matillary 23 inferior toaullary 16 skull 2 tibia 69 fibula 
S femur 4 radius j and clavicle 3 

Goundou IS usually bilateral but may be confined to one side and at 
times there may be supplementary tumors 

Not aU mvesugatots believe that goundou leptesents a tetuaiy lesion 
of yaws Indeed m some instances an apparently similar condition has 
occurred m cases where yaws has apparently been absent A similar 
disease has been reported m the higher apes chimpianzees and baboons 
and Letulle has found characteristic lesions of goundou in an Inca skull 
from Peru Manson Bahr (1940) points out that there is very little 
difference between the bony changes of goundou and those found in 
LeoiUtasis ossea Stannus has pointed out that hyperostosis of the facial 
bones has been observed m Paget s disease Ostetlts deformans Some 
observers have suggested that goundou is more akin to Osteitis fibrosa 
due to interference with the bone metabolism and an endocrine disorder 
and that the yaws infection may constitute the nonspecific factor in under 
nourished native children Thereisapossibility that goundou may repre 
sent a form of Leonfiasts ossea occurring in certain tribes of people who 
are afflicted at the same time with yaws 

Treatment consists in the surgical removal of the outgrowths and in 
ihe mtrav enous and intramuscular injections of neosalvarsan According 
to Botreau Roussel 40r more injecUonsare necessary before improvement 
is observed He has operated with success upon 113 out of 130 cases 
which he studied in the Ivory Coast 
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J Westl„d.es where 6o as., n . 

Sh Gurani XeT." F'J' 

a“T, o„„reXl,y ,h w Congo It ,e rare m ehldrin 

in Childre? ^ ’" Cuam he has observed il 

a late teWeste hoT' V' ‘° l!a”S““ "P""« 

LvTrSt ^ r The majoritv of those ah. 

ft IS a f 4 “"‘'■‘■P" l-a'P Psptes'ed the opinion that 

fo™ insra^ee^ Manifestation of jaws Such an opinion has probabh in 

SwH tesf I IP*"''" “ ■>' P""”"™ The nriter 

for did ■" "Inch the lesions did not suggest leprosv, 

marked t ' W"!'® Particularly in IhV absence of 

ECU ar changes Modifications more or less characteristic of 
>aws ^ere present but all that could 
t]e6nitely ^ stated was that the 
lesions gave evidence in manj re 
spects of a chronic inflammatory con 
dition m which there was a tendencj 
to destruction of newlj formed tissue 
with little tendency to invasion by 
microorganisms from the air or from 
the surface of the skin Cocci were 
found on the surface of the suppu 
rating lesions Neither spirocbaetes 
nor fusiform bacilli nor leprosy 
bacilli were discovered Hallen 
berger who has recently examined 
the condition from the pathological 
histological standpoint believes that 
Rhnopharyngxhs mxthlam belongs 
, j V , Syphilis framboesia group of 

lesions and in the absence of the classical inflammatory changes of the 
vessels which are present m syphilis he regards it as a late lesion of 
framboesia 
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Gangosa is obviously a condition which occurs onlv in localities where 
proper treatment is not available or among ignorant unhygienic people 
who neglect treatment 

Secondary infection with different microorganisms invariably plays 
a role in modifying more or less the appearance of the lesions of gangosa 
as It does in other ulcerativ e lesions of the mucous membranes of the nose, 
mouth and throat n gonde for example In more recent y ears a number 
of observers have sometimes attnbuted the condition to leishmania infec 
tion Treatment of these advanced lesions is usually unsatisfactory, 
but the process may sometimes be arrested by repeated injections of 
neosalvarsan 



YAWS OK FKAUBOESIA 419 

A few cases of jiuta articular nodules have been found in individuals 
who have not been outside of Europe and at least one not outside the 
UnitedStates Nevertheless the disease is said to be rare in white people 
and only about 25 cases in the white race have been reported 

Webber Goodman and '\oung and Worster Drought have reported 
somewhat similar lesions under the name subcutaneous fibroid syph 
ilomas and Palane ALovbian Da Fonseca and Jessner have observed 
juxta ailKular nodules m cases of late syphilis Ataujo says that he has 
found no cases associated with yaws but has observed 60 cases in syph 
ilitics Hu and Frazier have reported Treponema pallidum in their 
cases Monacelh and Pisam have reported upon 3 brothers all children 
with amyotrophic lateral sclerosis assoaated with juxta articular nodules 
which were regarded as the result of hereditary syphilis Jessner in a 
study of the bterature accepts 62 cases of juxta articular nodules in which 
he believes yaws can be excluded as a cause Twenty of these were from 
Europe and North America and 42 from North Africa including 3 cases 
of hia own He not only found no spirochaetes in the lesions but rabbit 
inoculations proved negative Mendelssohn was unable to infect monkeys 
with material from the nodules 

Other recent observers besides Mendelssohn report neither the asso 
ciation of yaws nor of syphilis Among these are kadaner and Aramaki 
The latter points out that no cases of juxta articular nodules have been 
seen m Japanese who had never left their own country with the exception 
of the one case he reports Fourteen previous cases m Japanese had been 
reported from Palau Island In Aramaki s case there was no historv of 
syphilis or yaws and the Wassermann reaction was negative Joyeux 
and Jeanselme have also excluded yaws and syphilis m the cases they 
recently have reported 

The tumor masses vary m size up to that of a golf ball and are very 
hard in consistence The skin over them is at first freely moveable but 
later on may become attached They ate located subcutaneously espe 
cially about the external surfaces of the extremities and particularly in 
relation to the joints They are not sensitive and rarely or never suppu 
rate The course is most chronic and but rarely do they become absorbed 
Study of the literature reveals that it is quite obvious that juxta articular 
nodules often result about localities which are frequently subjected to 
pressure and to light blows or bruises often repeated Under certain 
conditions they may result from different forms of mechanical irritation 
just as other true neoplasms mav sometimes do and in some instances 
they may be onchocercal in origm and in others frambocsial or syphilitic 
In the last instance syphilis or yaws may act as a predisposing factor 
among people or races with especial tendency or diathesis to the abnormal 
proliferation of fibrous tissue However it is difficult to explain the 
peculiar inflammatory lesions by such a hypothesis alone Also while 
racial tendencies may be a partial factor in their production it should be 
borne m mind that although these lesions are very common in parts of 
Africa they do occur in many other parts of the tropical world There 
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Juxta*articular Nodes — ^These arc nodes composed of irregularly 
distributed bands of poorly \asculanzed connective tissue without elastic 
fibres There may be necrotic areas and irregularly distributed poly 
nuclear cells It has been stated that in syphilis these nodes are more 
frequent about the joints of the upper extremities, while in yaws the 
location IS more apt to be on the legs 



Fic loj — Juxta art entar nodul«a (After Sterne ) 


The nodules have a varied etiology Onchocercal infection not infre 
quently gives rise to nodules jn the vianity of joints Before the yaws or 
syphilis etiology of at least one type of these nodules was generalb 
accepted by a number of investigators it was thought that the cause might 
he in various fungi especially Discotnyces carougeaiit However such 
etiology has not been confirmed 

A number of investigators have failed to find spirochaetes in tne 
nodules However, \ an Dijke of the Dutch East Indies and Sobernheiro 
in Berne and Clapier in Africa as well as \ an Hoof, have reported the 
presence of spirochaetes each in one instance 
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(j) Tht ml al lesion o/sypkdtt ts tmerattylecaSedfn the ienital organs ivhilethatej 
'/avis u e Ir genual However the chancre of nuwcent syphilis is extragenital and as 
yaws IS umocently acquired there may be agreement in location 

(i) The diference betv.it» Ihi Hunter an tkoHcre ^ tb Us tHduraUen and the frambo 
e oma aith Us lack af ndu at an and firtahU cnuf Stokes emphasizes the impossi 
bility of diagnos ng the initial lesion of syphilis on clinical grounds — we have to depend 
on the dark field search for spirockaetes and the Wassermaon reaction Thi also is 
true for yaws 

(3} Glandular enl g mint more pranannied >» syphilts In his inoculation of volun 
teers with yaws Sellaidsreportedgreaterglaiidiilareiilargemeiit than mi htbeexpected 

(4) Abe«« o/m«eaiii memlrane/cjwiwirt y s dike presncetnsypils 'foel 
has reported such les ons as occurring in the nose pharynx and conjunctiva of African 

(j) Absence 0/ visceral leiton tn ya^i There is no agreement of opinion on this 
point In those cases in wh ch visceral les ons h ve been obser ed at autopsy some 
observer belie e syphilis has not been rigidly etcluded in the diagnosis and that al 0 
mfection with both diseases may occur lo the careful and routine autopsies con 
ducted m the Ha tian General Hospital Choissec b $ found aneurysms and other 
arterial degenerations to be as common in cases he regarded as yaws (from the hi tory) 
as in syphilis Cerebral haemorrha e in young persons who have had yaws was 
reported as a frequent cause of death Pathological changes ii> liver and heart were also 
noted 

(6) Abienc / <e tiary It n 1 yaas For the past to years the tertiary lesions 
of yaws have been accepted as occurring and as be ng poss bty more disabling than 
those of syphil s Forme ly these sequelae were classed as separate diseases 

(7) Absence ef general paresis and labes tn yavs This statement is den ed by some 
of the most comp tent and e perienced observers at Harper in the Fiji islands At 
any cate even if we accept this distinction the same in a measure holds true for typhilia 
when prevalent m piimit ve people ft has been suggested that the exemption is con 
netted w th lack of treatment and we know that some psychiatrists are concerned over 
the possibility that modeta ar enicals may have ncreased the cumber of parasyphilities 
It has been claimed that freedom f om these treponematous cerebral aSecLons is con 
netted with the great pre alence of malaria in the tropics Uhile this possibly may 
be a factor we know that tb« absence of tabes and general paresis is reco ded in some 
yaws reg ons which are free f ommaUna Another suggestion is that havmg the same 
embryolo calorig if the brunt of the attack u borne by the skm the central nervous 
system is spared In articles on tabes and gen rat paresis we often find the statement 
of the bsence of any h story of primary sore or seco dary lesions Stitt pomts out 
that his study f the records of cases of general paresis m the Navy would mdic te that 
of 57 such cases no evidence could be obtained of either h ncre or secondary eruption 

(8) E a laiaflheUa rmannrea I naftkece b espi alfiaii Theexamina 
tion of thecerebro spinal fiu d withtbeWassermannre cton in yaws has generally bee 
found negative IFisther Turner Saunders and Johnston Fernando (1938)1 while in 
syph Iis the c ebr spinal fiu d usually g esapositi e Wassermarin re ction 

Slamet Sudibyo (1939) has made a comparat ve study of th cerebro spinal fluid 
ID yaws and syphilis In the cas s of yaws no changes in the fluid we e found after 
the third year of the disease In 123 syphil t c cases ch nges were f und in all stages 
of th d ea e as u ually found in syphil s with inc e sed cell count In the first m 
8 3 per cent in the second ry stage 35 7 per cent in the tertury stage 4J 8 per cent 
and in the latent stage o 7 per cent In the cerebro-spmal fluid of or yaws cases 
changes were found in the secondary stage m only 14 per cent while no changes were 
found in the latent and te ti ry stage Also the changes were not so p onounced as 
those m syphilis and were considered a p ssuig reacli n of the cerebrospinal fluid from 
the general yaws infection From hs lovestigat ons he c ncluded that no definite 
e idence can be presented of the de elopment of central nervous system lesions in yaws 
which t semble the tabes dorsalis and general paralysis of syphilis 
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IS nothing entirely pathognomonic about the tumors The changes found 
m one tjpe encountered bj the writer consisted especially of a dense 
fibrous tissue capsule enclosing inflammatory and necrotic areas in which 
peculiar large swollen Iipoid cells with multiple inclusions m their proto- 
plasm were situated These appearances distinguish and separate this 
form of nodule \erj strikingly from that of onchocercal origin This 
type of lesion was originally described by Jeanselme 

In those parts of Africa where the tumors due to Onchocerca vohuhs 
are found there may be confusion in diagnosis but the filarial nodes are 
more often elastic By aspirating the swelling microfilariae should be 
found m onchocerciasis 

The treatment of juxta articular nodules is by excision should the) 
give trouble 

Diagnosis of Yaws 

Clinical Diagnosis —Lesions of cutaneous leishmaniasis and blasto 
mycoses which may be confused with the nasopharyngeal and other 
tertiary lesions of yaws can be surely differentiated only by finding the 
respectue causative organisms The differential diagnosis between 
syphilis and yaws may be difficult Chandler points out there is no 
charactenstic primary lesion in yaws as m syphilis and usually mild 
constitutional symptoms appear 2 or 3 weeks after infection There is 
no rash as there is m syphilis and prenatal infections never occur The 
characteristic feature of the disease is the development of one or repeated 
crops of raspberry like tumors on the skin crusted over by dirty, yellow 
cheesy caps Tertiary lesions of skin joints or bones may occur but 
according to some observers the viscera eyes and nervous system are not 
involved The secondary framboesal lesions of yaws are seldom imitated 
by syphilis However it is impossible to differentiate the causative 
organisms and the serum in both diseases gives a positive Wassermann 
reaction There is overwhelming evidence that when an immunity 
exists for yaws there is an immunity for syphilis and on this ground we 
can explain the failure of the natives of yaws countries to become infected 
with syphilis Nevertheless as hlatison Bahr {1940) points out both 
diseases may concur in the same individual and antecedent syphilis 
certainly does not confer absolute immunity to yaws nor antecedent 
yaws absolute immunity to syphilis Several observers have observed 
yaws and svphilis simultaneously in the same patient and Carman (i93S) 
a case of simultaneous infection with yaws and primary syphilis Yaws 
may die out m a community yet syphdis remain Yaws may be um 
versal m a community as m the Fijians and Samoans and yet true 
syphilis whether as an acquired or as a congemtal disease be unknown 
Manson Bahr also emphasizes that in yaws Hutchinson s famous syphil 
itic triad the characteristic notched teeth nerve deafness and interstitial 
keratitis are absent 

Other points of distinction which have been debated and suggested have been the 
following 
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gangosa Halton obtained 37 3 per cent positive Wassermann reactions 
Maltaner {1941) found 41 of 44 sera from yaws patients reacted m the 
quantitati\ e complement fixation test for svphilis K.err found that 73 8 
per cent of 2429 natives of Guam had had yaws usually in childhood 
Among other diseases which maybe confused with yaws particularly 
as regards the nasopharyngeal ulcerations of tertiary yaws may be men 
tioned American cutaneous leishmaniasis The differentiation rests in 
finding Leishmama tropica in such lesions The ulcerations of leprosy 
and tuberculosis may sometimes be confused with the lesions of yaws 
The examination for acid fast bacilli may furnish means for differentiation 
Bromide eruptions may m some instances greatly resemble yaws but 
the history of the taking of the drug and the effect upon withdrawal 
should differentiate 


Prophylaxis and Treatment 

Prophylaxis — Prophylaxis depends esp cially upon the adoption of 
measures to prevent infection by direct contact with yaws cases There 
should be isolation and segregation of the afflicted and prompt treatment 
bv salvarsan (arsphenamme) In an endemic district espeaally care 
should be taken to pre%ent flies from having access to abrasion of the 
skin All cuts or sores should be protected by a dressing Care should 
also be taken to prevent articles of clothing contaminated with yaws dis 
charges from acting as infecting agents 

'fteatment — There is no more striking example in medicine of the 
specificity of a drug than that of arsphenamme (salvarsan) or neoars 
phenamine in the treatment of yaws As the writer first showed in 
1910 salvarsan has a marvelous curative eBect during the framboesial 
stage of the disease the lesions rapidly disappearing in the course of a 
few days Arsphenamme or neoar«phenamine should be given m the 
same manner and w ith the same cate as in the treatment of syphilis and 
preferably intravenously to adults and if possible to children except 
when very young For adults the intravenous dose of neoarsphenamme 
ad\ ocated is o 6-0 9 gm For children up to 10 y ears of age o 3 gm but 
under a y ears o i gm However in yaws excellent results are obtained by 
intramuscular injection into the buttocks of 04 gm dissolved in oil 
Also intramuscular injections arc preferabl'* in v ery young children 

In the field in connection with mass treatment it is frequently much 
more convenient to giv e intramuscular than intravenous injections 

Usually within 10 days time the granukmata of the skin are absorbed 
and disappear Frequently one dose has effected a cure when given early 
in the disease but in order to prevent relapses 2 or 3 doses are advisable 
Especially in cases where much bone destruction has occurred repeated 
injections are often required Some cases are very resistant and those 
with tertiary lesions frequently require prolonged treatment 

In the Philippines using o 01 gram of neoarsphenamme per kilo w eight 
of patient with 2 treatments as the rule but occasionally including a third 
one clinical cures resulted in 94 3 per cent of cases In Samoa it was 
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Pardo Gastello has studjed jn Cuba the cerebro spinat fluid an aj cases of j’Sh'S, lu 
which the stage of the disease is not mentioned In 13 there was excessive value of 
globulin in 3 pleocytosis with a maximum of n lymphocytes In some of the cases 
the Lange gold curve resembled that of syphilis Stannus states that such changes 
resemble those that have been found by other observers in some cases of yaws In 6 of 
Gastello s cases the Kahn test was found to be positive 

David (1938) examined agcasesofyaus IVith one exception uncomphcatedysws 
did not give a positive Kahn reaction 

Gutierrez etal have examined the cerebrospinal fluid in 143 cases of li aw s especially 
selected to exclude syphilis In none was the I\assermann reaction positive The 
cell count in all ua cases was normal The Tandy lest was slightly positive in i of 
116 cases examined Total protein was norniaf m 53 cases in which esfmiations were 
made The colloidal gold test \ as Similarly negative in 29 cases tested The total 
145 comprised * cases of primary 4» secondary and lot of tertiary Taws Stannus 
(1941) points out that in \a\vs there is some evidence that a temporary reaction in the 
cerebrospinal fluid may occur 

Absence of Cardiac Disease — Turner Saunders and Johnston (1936) 
m the careful study of the disease m Jamaica record that no cardiacdisease 
has been encountered in >atts cases and this they have confirmed by 
radiographic examinations They report the attack, rate m adults to 
be as great as in children and >et nothing resembling confeenital svphilts 
was observed in Jamaican babies This they hold is strong evidence 
against the identity of syphilis and yaws AH the female cases gave a 
definite history of having contracted the disease from their children, who 
were infected with yaws 

The fact that > aws u not hereditary and that no case of congenital yaw t has been 
observed IS generally admitted 

It would be possible to continue the discussion of the so called points of distinction 
between > aws and $> phihs further but it should be apparent from the discussion already 
given that the exact reJationship 0/ >a»s (o syphilis is slili controvenial 

Attention has already been called to the views of Williams al 0 held by other 
observers to the effect that the evidence that aneurysms of the aorta are caused by 
yaws appears unconvincing and that syphilis has not been excluded in such cases 
Chandler (1940) also believes that the viscera eye and nervous system are never 
involved in yaws It has already been noted that no changes in the aorta of rabbits 
infected with yaws have been found Chambers (1938) believes firmb that yaws ana 
s> philis are distinct infections and gives an excellent differential table Astudy by Tur 
ner (193?) of yaws among person living m rural Jamaica and of syphilis amon^ persons 
living in Baltimore showed easily recognizable differences between the two diseases 
Laboratory Diagnosis — Staining of the juice expressed from yaws 
tubercles by the Indian ink method or with Giemsa s stain is tne usua 
procedure advised for detection of the spirochaete However the exam: 
nation of such material with the dark field is often found to be of greater 
V alue Sections from a y aws tuhercie treated and sectioned according to 
Levaditi's method may show the treponemata m the region of the thick 
ened interpapillary pegs of the epidermis 

The Kahn test which has been the offiaal serological test for syphilis 
m the United States Navy has been found quite as reliable as the \\ asset 
tnann reaction as an aid in the diagnosis of yaws and has the outstanding 
feature of relative simplicity of techmque Baermanu gives the percent 
aee of positive Wassermann reactions in untreated climcally positive 
cases as 80-100 per cent m treated cases 50 p r cent and m latent ones 
as from 35-40 per cent In an examinaaon ot the serum of 281 cases oi 
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Fitzgerald and Gupta found that bismuth salicj late alone was of little 
value but m combination with ncosalvarsan it was most useful 

A great advantage of the bumuth drugs is their tow cost as compared to the arsen 
icals Their great disadvantage 13 that they cause greater pa n than sulpharsphenamine 
does at the pomt of injection and often cause a d stressing stomatitis These features 
may discourage the patients from icceivisg a sufficient amount of treatment Also 
bismuth is less efficient than the arseoicals and more injections are required to bring 
about the same results When conditions make the administration of neoarsphenamine 
practicable it is certainly to be preferred to sulpharsphenamine because of the compara 
tlve painlessness of the intravenous method and the consequent encouragement of 
patients to continue treatment The same prtncipks of contramdications for arsenicals 
in yaws hold as in syphibs Renal disease aneurysm and individual idiosyncracies 
when present must be considered m the choice of a drug and its dos ge and the same 
measures in regard to the treatment of reactions ace applicable as m the treatment of 
syphilis For arsen c elimination sodium thiosutpliate is of value 

Potassium iodide is of great value as in the Uealment of syphilis and it seems to 
be particularly indicated m cases suffen g from the headaches and rheumatic pains 
which are so common in very late yaws DeLangec believes that with tert ry yaws 
potassium iodide is often of value Many large ukets of several years duration will 
not completely heal after exteos ve arsen c I and b smutb and local treatment In 
many such cases the heal ogu greatly enchanted by weekly ntra enous injections of a i 
per cent solution of tartar emetic the imtial dose being $ cc Thu may be increased to 
loorifce later if It IS tolerated Sometunes the ulcers are f und to contain great num 
hers of insect la vae These are readily retnoved after the appl cation of chloroform 

The leg ukers must receive daily cleansing and dressing and when 
possible the member affected must be put at rest A suspension of i 
per cent iodoform in ether dropped onto the ulcer daily by means of a 
medicine dropper gives the ulcer surface a fine coating of iodoform which 
repels insects and conceals the offensive odor of necrotic tissue Deform 
ities and a variety of cnppling conditions resulting from periostitis 
contractures and extensive ulcerative and cicatnaal changes may require 
plastic surgery for relief 

In the treatment of the lesions of the soles of the feet termed bubul 
in Netherlands India local treatment is usually necessary If the epi 
dermis is too much hardened it may best be softened by immersion in a 
warm weak solution of washmg soda Afterwards the skm is shaved off 
until the papillomata are exposed and then touched with copper sulphate 
crystals Later an ointment is apphed DeLangen has found that the 
action of salvarsan alone is not so apparent in the treatment of some of 
the cases of bubul 

Aneurism may require when occumng in an extremity the ligation of 
artenes Yaws lesions seem to respond to antiluetic drugs even more 
rapidly and gratifyingly than syjdulitic lesions do 

Rural and Mass Treatment — Yaws often occurs especially among 
very poor natives living m rural and often remote districts and its question 
of treatment is not only related to the individual but is frequently a pubbc 
health measure Consequently the cost of drugs and those which can 
be readily admimstered to large numbers of patients if need be at points 
of considerable distance from cbnical centers must be considered 
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found advisable to give 3 injections of o 6 gm of neosalvarsan at 
weekly intervals for an adult male and smaller doses for women and 
children 

Morse in Santa Domingo, treated 1064 cases of >aws with salvarsan 
Five years later he revisited the country and cTamined again nearly half 
the cases previously treated About half had been free of jaws signs for 
5 jears but about 46 per cent remained uncurcd He found that after 
treatment with 3 injections a cure %vas likely to be permanent The onlv 
objection that has been raised to the use of arsphenamine or neoarsphena 
mine for mass treatment of natives is its cost 


CircuUr 56 Surgeon General s Office United States Army November 194: states 
the preferred arsenicalts ^Tapharscn Adult dose for mates ts eodgram and lor femaks 
004 gram The following standard course of treatment for yaws is recommended 
4 weekly injections 0! mapharten or neoarsphenaraine and bismuth subsalicylate given 
on the same day This is to be followed without a rest period by 4 weekly injections of 
mapharsen or neoarsphenamine alone which m turn is to be followed by 8 weekly injec 
tions of bismuth subsalicylate alone Tale serologic test if possible with eighth and 
sixteenth treatment Foifow the patient b> clinical examination and serologic tests at 
monthly intervals for 3 months and then at mlenals of 3 months for one year If a 
clinical relapse occurs or if the serologic test remains posuiv e for 6 months after treat 
meat has been started repeat course of treatment outlined above 


Bismuth Preparations — Most authorities concur in the belief that 
none of the many bismuth preparations are equal m efficiency to neo 
arsphenamine However bismuth preparations have been shown to be 
of value and superior to mercury and potassium iodide for the treatment 
of yaws 


Sodium potassium bismuth tartrate has been the salt generally used and it should 
contain from so to 60 per cent of metallic bismuth It should be injected intramuseu 
iarly in oil suspension in the dosage of from o 15 to o 3 gm The injection should be 
repeated in about 7 days The toxic manifestations of bismuth are similar to those of 
mercury so that we should be on guard for stomatitis and evidences of renal irritation 
On account of stomatitis and albuminuria diarrhoea and skin rashes which have b«n 
observed especially in the Solomonlslandsand the Congo treatment with bismuth has 
been less satisfactory Sometimes there has been considerable induration gnd abscess 
formation may result in the tissues as a result of the injections There are various 
proprietary bismuth preparations but the factor of cost eaters into the use ol trtse 
products so that there would be no advantage over arsphenamine Combined neo 
bismuth treatment has also been recommended , 

Levadi ti has reported favorably on the spirochaehcidal effects 0/3 of these bismuth 
preparations viz bistovol bismuth arsatiilate and bismuth tryparsamide Bistovol 
IS a precipitate resultmg from the action of sodium potassium bismuth tartrate on 

sodium stovarsol This like stovarsoj can be given intramuscularly or by mouth and 
m syphilis of the rabbit excellent results have been reported The experiments showed 

It to have a curative action in doses of s milligrams per kilo 

Bismuth arsamJaCe (Bi Oi 53 per cent arsenic ry per cent) has seemed to 
effect equal to that of bistovol It is given intramuscularly suspended in 01! and has 
an adiant-g over bistovol in that it is almost painless when injected into man 

Bismuth salicylate and precipitated metaUic bismuth in oil are also in use The 
dose of each of these drugs is o i to o 2 gram m 10 per cent solution (or uspension 
.■eneriallv in olivc od) Id a small senes of cases m Haiti Turner Saunders an 

especially^ ^ ^ inrh ni«.ir.r>hen.^mire»ere considerably 

le cases the results 


superior to those with bismuth salicylate or halarsol though 
with bismuth were excellent 
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The bismuth preparations and sulpharsphenanune bath <?/ ivhicJj aijy 
be given mtramuscularlj, seem to be the drugs of choice for rural ivorl 
Sulpharsphenaminc li used in doses of o t gm for infants to o 4 gm for 
large adults The solution is prepared b> using i o cc of sterile distilled 
water to each 04 gm of suipbATsphenamtne snd is injected into the 
buttock, muscles at weeklj intervals One or 2 doses may heal the earlj 
lesions but later lesions may require continuation of weekly injections 
over periods of many weeks or months with the usual rest periods as in 
the treatment 0/ syphilis The bismuth preparation which has most 
commonly been used is sodium potassium tartro bismuthate in aqueous 
solution 

btorarsol (icefarsone) — Stovarsol, which can be given by mouth 
is obviously a more con\ ement method for the treatment of large num 
bers of natives in the field than injections of arsphenamine It is advised 
to begin with 1 0 gm daily increasing to 1 5 to -* or 3 gms on successive 
days for adults and 0 5 to i o gm for children Chesterman has found 
that 3 doses only frequently effected a cure He has pointed out that he 
can give in stovarsol 10 times the corresponding dose of neosaharsaa 
\an den Branden reports that after a total amount of from 8-is 
of this arsenical compound had been given the Wassermann reaction 
became negative Slight diarrhoeahasbeen the only untoivard symptom 
sometimes observed The full course of treatment with stovarsol may 
be more etpensive than the course of the injections with neoarspheaanune 
Carbarsene fp carbammo phenyl arsomcaud) aUo given by the mouth 
has also been lecomroended It is given in the same dose> as Stovarsol 
The therapeutic dose recommended is 75 mg per Lilo body weight 

Ilalarsol (otyameno phenyl dichlorasine) m the form of intravenous 
and intramuscular injections in doses of o i •’5 to 0 25 gm for 3 doses at 
miervalsof 3 or 4 days has recently been employed in the Congo with good 
results the minimum to^ic dose is stated to be 4 5 mg per kilo weight 
The natives afflicted with yaws are frequently suffering also from 
malaria and from intestinal parasites Treatment of these diseases should 
also be giv en as it obviously may aid materially in improving the genewl 
health and promote more rapid recovery from yaws Frequently the 
question of nutrition is of the utmost importance and patients who are 
debilitated from defective nutrition may show remarkable improvement 
of their yaws lesions when admitted to institutions where they receive 
proper nourishment 

References 

Butler C h Am Jl Surttry 27 *03 1435 \m Jl Clm Path g t 1939 
Syphilis Sive Morbus Humaous 1936 

Caiman JA Case of simultarieousinfeetion with yaws and primary sjpMis 1'“ 

Roy Soc Trap W Hyg 39 »6i 1933 
Chambers II D Further Light on the Yaws Syphilis Troblem T'O”* Poy ^ 
Trap Med Hyg 3 i *45 *M 7 

Warmth and Humidity as Fredisposing F ctors in Incidence of laws I6i-i J 
4SJ '938 



FINTA 


4J9 


subsequent extension to the backs of the hands and in some cases to the 
arms and legs Saenz regarded keratosis of the palms and soles as an 
outstan«fing characteristic of the Cuban cases In a stud> of 50 cases ui 
Cuba only one showed pignaenUry disturbances on the face and one 
disturbance over the abdomen and thighs These were the sole escep 
tions However in Mexico and Colombia keratoses were not observed 
in patients with pinta and djschroimc changes of the palms or soles were 
reported as absent or very rare Later (July igto) Leon y Blanco 
reported that he found cases m Mexico with plantar and palmar keratoses 
AUo no keratotic or peeling lesions were observed by the Commission 
which studied the affection in Colombu in 1940 

Geographical Distribution — The disease has been very prevalent in 
Mexico and Colombia where it has reached endemic proportions Saenz 
(1940) in addition mentions its occurrence in Cuba \enezuela Brazil 
Peru Central America and the West Indies (Haiti the Dominican 
Republic and Guadelupc) Leon (1940) has reported upon its prevalence 
m Ecuador and Souza Araujo (1940) observed cases in Ecuador and 
Argentina He stated however that in Brazil mal del pinto or carate 
had not been observed although he thinks that the disease may exist m 
Brazil amongst the inhabitants in the high Amazonas region m the bound 
anes along Colombia and Peru He also mentions that m Uruguay the 
disease is not known to exist The prevalence of the disease m Mexico 
was emphasized by the Mexican Commission in i9:9'3i which found that 
i: per cent were affected of j 500 000 people examined In Colombia it 
has been said that 4 per cent of (he people of some districts suffer with 
the disease liiaie in 1931 reported some 400 000 cases were present in 
Colombia In 1941 he $tate> that in Venezuela the average for the whole 
state of Bannas is 10% 

EtlOLOCY 

For many year the disease has been regarded as a parasitic one and 
caused by fungi Manson Dahr (1940) describes it as an epiphytic 
disease and points out that if one of the scales is moistened with liquor 
potassi and placed under the microscope black spores and a wide highly 
refractory mycelium are found and he illustrates and desenbes this 
fungus Montoya y Flore (1898) especially emphasized and desenbed 
different species of fungi a the cause of the affection and reported that 
various chromogerac fungi caused the different shades of color in pmta 
Caslellani confirmed these ideas Some observers have reported the 
isolation of Aspergillus and PemcilUum from the scrapings but according 
to others the most common fungus found was Demahum uerneckt 
Brumpt (1936) has given a list of *7 species ol fungi reported to be the 
cause by various authors However a number of recent observers have 
regarded the fungi obtained from the scrapings of the lesions as common 
saprophytes Fox (1940) has believed for 10 years that fungi play no 
part m the etiology and it has seemed evident for some time that the old 
idea that differently colored lesions of pinta were caused by specific fungi 
IS no longer tenable In fact thedifferent colors in the lesions seem to be 
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Synonyms — Carate (Colombia), mal del pmto (Mexico), azul (Chile) 
boussarole (Haiti) guassorolle (Domimcan Republic), and numerous 
other colloquial names 

Classificahon — Since the last edition of this tett book, our conception 
of pinta and its etiology has greatly changed so that it can no longer be 
properly classified among the diseases of the skin caused by fungi More 
over recent studies seem to demonstrate that it now should be regarded 
like yaws as a form of treponematosis Admiral Stitt has recently 
emphasized the importance of the new investigations regarding pmta 
and has made a study of the recent literature upon the subject The 
present article has been prepared almost entirely from hts reports and 
notes and the new literature relating to the disease 

There have been euggestions that carate eiisted among the Aztecs at the tune of the 
Spanish conquest and that Cortez established a taaitanum believing that this disease 
was a form of leprosy Ov ledo referred to certain individuals who shed their shia as 
carates The tern pinta is apparently derived from the Spanish term 
(mottled or painted) or from the word pmla (a spot) In English tett books the tern 
pinta has been employed but in Spam h publications the term na] del 
IS used 

Holcomb (igsz) has given a most complete review of the literature regarding tms 
disease which should be consulted by all interested in its history and the progress oi 
Its study 

Definition — Pinta is a disease which becomes manifest by the develop 
ment of dyschromic changes in patches of the skin These more or less 
depigmented lesions may be numerous minute and discrete, or confluent 
and much larger and assume a lead or slate blue color, or more rareiy a 
pinkish tinge In other cases yellow or violet white or black patches 
have been noted The spots of altered skin are often first noticed about 
the wrists or backs of the hands more rarely on the face or other exposed 
portions of the body as the arms feet or legs If portions of the sea p 
are affected the hair may turn white in such areas Healed or arrested 
lesions of pinta may closely resemble or be indistinguishable from vitihgo 
In Mexico the lesions have been symmetrical in about one third of the 
cases The Wassermann reaction has been found positive in the later 
stage of the infection in almost all of the cases Reratoses of the palms of 
the hands and soles of the feet have also been observed 

In the classical descriptions of the disease and in more recent reports 
by Castellani (1919) Brumpt (1936) Fox (1939). Manson Bahr (ig4o) 
and others it has been pointed out that the palms of the hands and soles 
of the feet are not affected However Saenz and his assistants (1940) 
who have studied the affection m Cuba reported that pmta in its primai^ 
stage IS limited exclusively to the palms of the hands and soles with 
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to find the Treponema before might ha\e been due to the fact that he 
examined pintids (a name gi\en hjperchromic lesions by Leon y Blanco 
corresponding to the term syphibds) It is m the early papules that the 
Treponema can most readilj be found In lebruarj 1935 Irate in 
Caracas \enezuela also reported the presence of the spirochaete in 
persons with carate Brumpt (March 11 19^9) announced to the Societe 
de Biologic Pans the discovery of this organism by the Cuban inxestiga 
tors and proposed the name of Treponema carateum for it I eon (1940) 
also repotted the finding of the Treponema in cases m Ecuador 

Gomes (1942) has performed dark held exammat ons m 500 cases and in 98^ the 
spirochaete nas found 

Morphology — ^The measurements of the Treponema as well as its 
appearance by dark field are similar to those of Treponema palltdum 
Inate and the other members of the Venezuela Commission noted that 
Its motility decreased about 20 minutes after the specimen was taken 
I eony Blanco (1940) gives the average length of 17 Sjifrom 500 measure 
ments Ordinarily it measures from u to ifc The number of spirals 
changes according to the length of the particular specimen observed 
It is readily stained b> the common silver impregnation methods advised 
for staining spirochaetes in smear preparations and also by ( lemsa s 
stain He reports that a to per cent solution of saponin dissolved the 
organism m 6 hours at room temperature The same result was obtained 
ciSier by sodium taurocholate or bile \areU and Roaro (1940) report 
that the organism dies in a much shorter time in bile than does the 
Treponema of syphilis 

Blanco has not succeeded in cult vaties the org n sjn and eports that a su table 
animal for inoculation still remain undiscovered 

Animal InoculatMos —Saenz (1940) states that the cornea aad testicles of rabbiti 
nere inoculated with {cagmenls of tissue from persons with pmta and that keratius 
and epididym tis sinular to (he lesions obtained a cTpenmental sj-phifi resulted 
However he gives no details of su b eipenments The \rneauela CommisMon (epoit 
that the itiocuUtions n guinea pigs rabbit and rat were negative 

Human Inoculations Herreyon (1938) roported negative results 
obtained by Mooser and \ arela in Mexico by inoculation of healthy men 
and laboratory animals with blood or exudates from the lesions of pinta 
However Leon y Blanco (1940) has demonstrated by inoculations into a 
series of zSvolunteers including himself that the disease is infectious and 
may be easily transmitted when a small amount of serum from a pmta 
lesion is inoculated The senes of volunteers included 4 groups (i) 17 
normal individuals lacking any evidence of syphilis or pmta and negative 
serologically (2) 3 syphilitics with positive serology (Wassermann 
reactions) one of these having had a chancre 3 years previously one 
infected 14 months before inoculation and one with a history of chancre 
4 months before the experiment (3) s pmta cases with pintids trepone 
mata and positive serology All the normal volunteers except 3 m which 
the serum was deposited on the intact skm developed a pnmary papule 
going on to a econdarv eruption The 3 syphilitics also developed an 
initial papule but the secondary eruption was scant and atypical while 
of the volunteers with pmta one showed a characteristic take and the other 
4 gave negative results Generally a papule dev eloped within 3 weeks fol 
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connected especially wuh varying degrees of atrophy of the derma ivhicfa 
eventuallj results m white spots similar to vitiligo Also the \arvin3 
colors are probabh related to some extent to environmental factors 
Cha\ama and Shiplej (1925) reported that the Wassermann tests in 
cases of carate were generally negative However, Menk (1936) found 
that the reaction was present in pinta in 74 5 per cent The following 
>ear the Mexican Pinta Commission, directed b> Herrejon, reported the 
Wassermann reaction present in nearly roo per cent of the cases Also 
the> failed to confirm the idea that fungi were the cause Moreover the 
fact that the blue patches of the affection responded to antis}’philitic 
treatment strengthened the suggestion of a spirochaetal causation 
In 1927 Herrejon suggested that the disease was produced by a 
Treponema related to that of syphilis or to pian (jaws) and Fox (1930) 


0 


Fig 104 — Tfeponeitia carateum (Trepon ma he ejon ) (Photom crographi 1 
Dr Leon y Blanco } 

also thought the condition might be a general infection of a spirochaetal 
nature In August 1938 Armeoieros and Tnina in Cuba observed a 
Treponema in Ijmph obtained by abrading the epidermis at the edge of a 
palmar lesion in a case of pinta Blanco m December ip^8 in the same 
case found the Treponema in material obtained by puncture of a Ijmph 
gland the preparation being stained bv Levaditis method To this 
organism the name of T herrejom was later (May 1939) given in honor 
of Dr Herrejon of Mexico Saenz Armenteros and Tnana reporting m 
1940 also found the Treponema in August 1938 in microscopical prepara 
tions made from the lesions and the following jear also m other cases 
However Saenz (1940) reports that staimng of actions of the tissues for 
spirochaetes gave positive results only twice and failure in 30 instances 
Even in cases m which the spirochaetes were detected bj dark field the 
results were negative in the tissue 

The presence of the Treponema in the pinta lesions was confirmed in 
Mexico b> Blanco in October 1938 m 7 of 8 cases Later it was found m 
89 of 100 cases studied It has been suggested that the failure of Herrejon 
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specific causative agent Treponema herrejoni since identical primarj 
lesions follow after inoculation of infective material from these different 
types of spots The Treponema he state:> was detected in everj case 
354 tunes in 254 cases examined m the pninary lesion He slates that the 
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primary lesion of pinta is different from that of syphilis or yaws in that it is 
always a closed le ion of papular appearance and does not become ulcer 
ated The primary lesion always d^elops at the site of entrance of the 
Treponema both in the expenmental and he believes in the naturally 
acquired disease He found that carate could be transmitted expen 
menttUy from individual to indvwdnal by using wrulent material from an\ 
climral type of lesion and no matter in which stage of the disease a sample 
of lymph was taken and he points out that hence an intermediate host for 
the transmission of the disease is not necessary Also the expenmental 
inoculations showed that sypbihs does not render the patient immune to 
pinta 
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lowing the cTpenmental inoculation of some of the serum taken from the 
lesion of an individual suffering from pinta Secondarj lesions sometimes 
in crops developed later 

Blanco found that positive (Wassermann) reactions w ere not obtained 
in the inoculated cases prior to the development of the secondary eruption 



Tig 10$ — In t al expenmental les on m the erythematous squamous stag Th 
le on s tuat d neare t th elbow was obtained with the Me* can stra n f trepon ro 
The 1 on most dist nt f om the elbow w s obi ned w th the Cuban stra n i 
le ons developed in an dentical manner and hence t was c ncluded that 
and Mexican stra ns we e jd ntical The photograph was tak n 37 days alter t 
exper mental moculat n (Ca e of Dr Leon j Blan o ) 

(about 60 per cent) and only in the advanced cases with marked pigroenta 
tion did the positive tests approach 100 per cent From these observa 
tions it has been suggested that unmuoity develops much more slowly 
than It does for yaws and hence considerably later than it does for 


syphilis , ,L. 

Blanco summarizes his experiments with the statement that me 
pigmentary leucodermic and erythematous pigmentary spots almos 

constantly observed in cases of pinta orcarale are only produced by one 
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did not show any treponemata It has been suggested that other insects 
may be concerned m transmission but there i no evidence to this effect 
Some observers have not found Simultum abundant in some regions where 
pinta 1 common Inarte (r944) m studying the disease in Venezuela 
thinks the insect vector is 5 ertgHHm 

Blanco points out that if an insect vector exists it might transmit the 
disease by depositing upon the abraded skin its faeces containing the 
Treponema or by being crushed upon the abraded skin at the time of 
biting In 3 expenments in which the mEected material was placed upon 
the intact skin the results were negative However when a drop of 
infected tissue 1 j mph w as placed on a slight erosion of the skin made with 
a pm infection follow ed 

CUNICAL MANIFESrailONS 

Pinta to judge from descriptions generally found in text books 
has been frequently confused with other affections of the skin Many 
of the cases of pinta the writer observed years ago were in Buena Ven 
tura or nearby regions in Colombia where a large proportion oi the 
inhabitants suffered with skin diseases of which carate was by far 
the commonest The disease occurred particularly among the lower 
classe of people who were obviously not accustomed to washing and 
bathing and to the use of soap and whose skins w ere dirty and variable in 
color sometimes with an offensive odor Apparently many examinations 
of the skin for the presence of fungi and other microorganisms have often 
been made without proper cleansing and disinfection of the surface of the 
skin of such cases 

It has been generally assumed that the primary patch occurs on some 
exposed portion of the body and that it first becomes hyperpigmented 
through active pigment formation later assuming a while red blue or 
black uwgc gradually increasing m site and becoming scaly and itchy 
The cases have often been divided according to the color of the individual 
lesions and types of the disease have been described as red yellow white 
blue black and violet Other patches often noted have been of leaden 
hue In fact these have received the name of plombo resembling spots 
caused by massage with mercurial ointment Some earlier writers as 
Scheube likened the appearance of some of the caves to a painted circus 
clown Other spots of coffee color or white have more recently been 
regarded as representing later atrophic or cicatricial changes 

The Mexican Commission (19*9-31) which found 270685 cases in 
15 states affected hsted the color of the lesions as occurring in order of 
frequency the blue type the white the mixed the lead colored the violet 
the black the red and the yellow Distnbution was symmetric m one 
third Scaling w as present in one third and itching m one fourth Some 
authors report that it is exceptional to find an individual with a single type 
of spot Almost always there is an association of colors as white blue 
coffee-colored and red The spots vary much in size In many cases 
they measure 2-4 mm m diameter when they are usually multiple and 
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Epidemiology 

Pinla IS favored bj a moist, warm climate and it prevails alon^, the 
banks of streams m the vaUc>8 of tropical or sub tropical countries The 
disease occurs especially wiA isotherms of 8o°F and above Moisture 
seems more important for the persistence of both jaws and pinta in the 
tropics than anj other factor Indeed jaws almost disappeared in 
Jamaica during a record drought, from 1838 to 1848 

The usual method of transmission is not definitelj known Most 
authors agree today that the disease is not contagious and that it is not 
hereditarj However m regard to hereditary infection cases have been 
observed in infants 1-5 jears of age and it has been suggested that in 
some of these transplacental infection maj have occurred and the disease 
not become manifest until some time after birth However, there i» no 
evidence to support this suggestion 

According to statistics published by Gonzalez Uruena of the Mexican 
government (1934) for a; 685 cases of mal del pinto observed in 15 states 
of Mexico, the following ages were given of the infected individuals 
o-i jr 707 cases 1-5 jrs 6803 5-10 16,259 10-*® 33686 20-30 
50 174 30-40 60 487 40-50 59 779 above 50 42 820 cases However 
m certain regions where it 593 cases of pinta were observed constitutin 
about one fourth of the population no infections were demoostrat^ 
under x jear of age and therefore it was thought that in the cases reported 
from 1-5 jears m the statistics thej have probablj been towards the age 
of S years Montoja y Flores m Colombia reported that the disease 
was verj rare from 3-4 jears of age 

According to other statistics in 254 cases the infection was most 
common between the ages of 6-10 jears (8i per cent) next 15-20 jears 
(67 per cent) and third 10-15 jears (63 per cent) However, another 
report from Alexico stated that the disease was commonest in the 30-40 
jear decade 

Transmission — Leon j Blanco has demonstrated the causative 
Treponema in the discharges from fissures in the plantar hyperkeratoses 
of 29 of 41 cases This highlj infectious discharge might well serve as a 
source of infection through anj abraded surface of the skin in another 
individual Hence for the transmission of the disease an insect vector la 
not required However in the discussion on jaws in Chapter \ it has 
been shown that Hippelates patttpes may sometimes mechamcallj transmi 
jaws and it has been suggested that Simuhnm haemalopotim may be 
concerned m the transmission of pmta 

Herrejon (1938) observed 48 Stmulmm baemolopolim which fed on a 
case of pinta m which it was said a specimen from a lesion showed 
treponemata to a microscopical field In the ingested blood m four 0 
the flies Treponema were found while in an equal number of contro 
flies no Treponema were found However the time they persisted m 
the flies IS not stated and obvnously no conclusions can be drawn from 
this experiment Pedtculus kumanus and Ormlhodoriis lalaje also fed 
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located on the buttocks when the mother had advanced lesions on the 
forearms 

Blanco has divided the disease into three distinct stages showing 
diSerent clinical serological and immunological features The primary 
stage begins at the time of infection and last dunng the period when 
the initial le ion alone is present This period was found to var\ in 
different individuals being between 5 months and one >ear or perhaps 
even longer The appearance of the pnmary fe ion after it has become 
an erjthematous squamous patch from which papules ma> appear 



Pu os —1 t l le o on eh low tb d f eh r e p et t eh 1 g t tid ng 
to th (oi el the toot The p pul « * o « d w th W y cal Natur lly 
ecqu «d d t t (C t ot Dr L on y B) n o ) 


penpherall) may vary greatly In some instames Ihe lesion maybe 
described as tnchophjloid psoriasiform lichenoid or large patches of 
other appearance ma> occur The secondary stage is characterized by 
skm lesions or papules which rapidly change into diversely outlined 
erythematous squamous lesions for which the name of pintids has been 
proposed This stage is reached after 5 1* or more months have elapsed 
from the time of infection The uutiai lesion continues to evolve during 
the secondary stage and becomes indistinguishable from the pintid erup- 
tion In the tertiary or dischroimc stage there are present achromic or 
pigmentary spots erythema follcular keratosis keratoderma and 
superficial atrophoderma The serological tests are constantly negative 
while the initial lesion alone is present that is dunng the first stage of the 
disease and supennfection is always possible during this stage In the 
secondary stage the Wassermann reaction is approximately positive m 
do per cent The further the disease has proi,resbcd the more likely is the 
reaction to be positive Eosiitophiha and an incrcas** of the basophihc 
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scattered m groups over the skin In other cases large, confluent, irtegulai 
patches ate formed, as seen in the illustrations The patches may be 
round, oval or irregular m outline They are not elevated but are 
always strikinglv visible, on careful inspection usually coveted with fine 
scales but without desquamation 

In \ lew of the studies carried on since 1938 it would appear that some 
of the earlier observations ate erroneous The evolution of the di ease 
can perhaps best be understood from the study of 17 experimental mocola 
lions reported bj Leon y Blanco already referred to, and from his studv 



of Dr LcoD V Blanco) 

of some 39 additional cases of natural infection According to the 
inoculation experiments the incubation period vanes from 7-20 days h> 
which time an initial papule appeared at the point of inoculation This 
extended peripherally as a squamous erythematous patch reaching 
a diameter of about i cm m about a month and then continuing to sprea 
peripherally Secondary lesions appeared in crops around the primary 
lesion or elsewhere on the body in about s months (earlier or later; 
Progressive hyperpigmentation then occurred and later on depigmenta 
tiott H hich g3ve nse to the various colors or vjtiligmous like sp®*® 
extending over the body In naturally acquired infections the primary 
lesion IS said to be almost invariably on the uncovered parts of the body 
particularly the legs to the sides of the feet and the arms to the hands ao 
the face Blanco has never observed an imtial lesion on the palms of tw 
bands or on the trunk but in an infant be has seen the primary papu e 



^IMTA 


437 


located oti the buttocks when the toother had advanced lesion on the 
forearms 

Blanco has divided the disease into three distinct stages showing 
diSerent clinical serological 4nd inunuiiological features The pnmarj 
stage begins at the time of mfectjon and lasts during the period when 
the iJuual lesion alone is present This period was found to vary in 
different individuals being between 5 months and one jear or perhaps 
even longer 'The appearafiv-e of the primary te ion after it has become 
an er>thematQus squamous patch from which papufes may appear 



periphetaU> may vary greatly In some instances the lesions may be 
desenhed as tnchophytoid psoriasiform hchenotd or large patches of 
other appe irance may occur The secortdar) stage is characterieed by 
skin lesions or papules which rapidly change inio dji erseh outlined 
erythematous squamous lesions for which the name of pminls has been 
proposed This stage » reached after s la or more months have elapsed 
from the time of infection The untiat lesion continues to evolve during 
the secondary stage and becomes indistinguishable from the pmtid erup- 
tion In the tertiary or dischtomic stage there are present achromic or 
pigmentary spots erythema fobcular keratosis keratoderma and 
superficial atrophoderma The scrolopcal tests are constantly negative 
while the initial lesion alone « present that b during the £rst sJage of the 
disease and supennfection n always possible during this stage In the 
secondary stage the \t assermann leacticm is approximately positive in 
do per cent The further the disease has ptogre ed the more hVeJy is the 
reaction to be positive Eosinopbilia and an increase of the basophilic 
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leucocytes occur m a high percentage of the cases Supennfection may 
also be produced by inoculation during this stage Dunng t^e terts’y 
stage of the disease, according to the figures of different authors, from 
70-100 per cent of the cases give positive serological tests and experi 
mental supennfections cannot be produced 



?1C log — Areas of complete dep gmentation of the hands and feet and a ;ust» 
art cular nodule lO a pat ent w th incomplete e o sed variety' of p nta (After Sar * 
Courtesy Arch Dermat & Sypb ) 

Although Saenz (1940) apparently regarded hyperkeratosis of the 
palms of the hands and soles of the feet as pnmary manifestations o| 
the disease it would appear that these are really late manifestations 0 
the affection as similar lesions are jn yaws Saenz nevertheless behcvro 
that there was nothing to indicate framboesia in the 50 cases he studieo 
and there were no morbid changes in the periosteum or bones the les o'** 
of pinta being confined to the epiderous and conum In this connection 
it is interesting to recall that Hudson has observ ed patchy depigmentation 
of the skin la ^veral cases of bejel in Arabia He illustrates these m 
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one instance on the back and in another on the posterior surfaces of the 
hands and wrists 

Neumann Mo\a and Brewster (isutl who have studied 75 cases bv 
radiography in Colombia thought they were able to detect to some 
extent an aortic dditation m 80 per cent and clinical signs of cardiac 
disturbances in 26 per cent of those under 30 years of age Obviously 
in countries where syphilis prevails to a vcrv great extent it is difficult to 
drav, conclusions as to whether the pinta is uncomplicated by other 
Treponema infections Saenz in 30 cases that he observed in Cuba also 
reported cardio aortic lesions such as aortitis aneurysm enlargement of 
the diameters of the heart and valvular conditions in 23 3 per cent It 
hence is important to consider the relationship of pinta to the other forms 
of treponematosis yaws and syphilis 

Histology— In the studies that have been made by Leon y Blanco 
Herrejon and Saenz the histological ctaroinations have shown tre 
ponemata to be chiefly located m the pncUe cell layers of the lesions 
especially in the small areas of acanthosis in the epidermis where the 
granular debns resulting from the necrosis and a few leucocytes and 
treponemata may be observed by Levaditis stain A greater involve 
ment of the corium has been reported for pinta than for yaws but much 
[ess than that which has been noted (or syphilis It may be recalled that 
Marshall m the Bhilippines (1907) emphasized that the chief histological 
diSerentiation of the yaws lesions from those of syphilis were represented 
in the degenerative changes in the epithelial layers and m the absence of 
penartetial and endartecial changes in the conum as noted in syphilis 
SchUilner found spirochaetes only in the degenerative areas of the epi 
dermis m yaws and never in perithelial relations as in sy'philis Stitt 
and others at the Naval Medical School Washington in the study of 
sections of yaws lesions confirmed Marshall s and Scbu&nei s results 
These observations have since been substantiated by a number of other 
investigators 

Sacu (1940) found th t in his study of pinU leuonv staining of the tissues for 
T ipnema gave positi e t suits in only a cases in which the lesions ucre deeply infil 
Crated and failure m 30 cases lie points out that deeply in&Iltated lesions* ere rarely 
observed Blanco showed that (h T epenema may sometimes be demonstrated in the 
gl I d luice expressed from the regional lymphatic glands m the lesions. 

From the histological standpoint he describes the initial lesion as 
constituting a dermo epidermic papule The following outstanding lesions 
were noted discrete keratosis acanthosis intercellular oedema showing 
small areas of spongiosis cvocytosis and necrosis by the fusion of isolated 
cells of ihemalpighianlavcr Thedermaevhibits a very dense infiltration 
containing lymphocytes plasmocytcs and scanty neutrophils and eosino- 
phils melanophores and histiocytes are also present This infiltration 
invades the papillary and reticuUr portions of the dermis and penetrates 
the deep portion of the dermis in the form of diffuse cellular invasions 

The hair follicles and the coiled portion of sweat glands are surrounded 
by layers of cells of the inflammatory infiltration 
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leucoy tes occur in a percenUge of the cases Sapennfecfion maj 
also be produced by inoculation during this stage During the tertiar} 
stage of the disease according to the figures of different authors fro-i 
70-100 per cent of the cases giic positive serological tests and erperi 
mental superinfections cannot be produced 



Fio X09 — Areas of complete depgmenUtion of the hands and feet and a juJts 
articular nodule in a p t ent with in omplete crossed variety of p nta (After Saeni 
Courtesy Arch Dermat XSyph) 

Although Saenz (19407 apparentl> regarded hyperLeratosis of the 
palms of the hands and soles of the feet as pnmarj manifestations 
the disease it would appear that these are really late manifestations of 
theaffection as similar lesions are m jaws Saenz nevetthele«s believed 
that there was nothing to indicate framboesia in the 50 cases he studied 
and there were no morbid changes in the periosteum or bones the lesions 
of pints being conSned to the epKlermis and conum In fhis conaection 
it IS interesting to recall that Hudson has observed patcliydepigmentation 
of the skin in several cases of “bejel in Arabia He illustrates these m 
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With such lesions suggested it and the discovery of a Treponema 

indistinguishable morphologically from T pallidum confirmed it Also 
Saenz in Cuba has reported a comparable incidence of arterial degen 
eration in such cases with pinta as has been reported bj other observers 
m syphilis 

Hyperkeratoses in Pinta and Yaws — In view of the frequency with 
which hyperkeratosis of the palms and soles have been obser\ed in pinta 
in Cuba it should be recalled that one of the roost disabling and rather 
frequent conditions found m yaws is clavus or crab yaws This is 
a hyperkeratosis of the soles of the feet H D Chambers (1938) in his 
book on yaws states that spirochaetes base been found in the papular 
lesions of crab yaws which may come out alone or be associated with 
other tertiary lesions In igaa Moss and Bigelow reported the results 
of their study of yaws in the Dominican Republic Of all the single 
manifestations of yaws clavus (crab yaws) was the most common 327 
cases had cla\us alone present with no other sign of yaws while there 
were onlv 5 cases with palmar lesions which showed \aws hyperkeratoses 
as the only signs present There were $79 cases with other evidence of 
yaws in addition to clavus and 68 cases with palmar keratoses associated 
with other lesions The descriptions of these hyperkeratoses were similar 
to those given to the pinta plantar lesions The response to arsenicals in 
these cases surprised the authors greatly the moth eaten soles of the feet 
with their erosions and fissures began to desquamate and following the 
second injection to begin to return to normal healthy skin P D 
Gutilrez (1923) reported 431 cases of keratosis palmans and plantaris in 
658 yaws patients in the Philippines 

Saenz says that the descriptions of these keratoses correspond to those 
seen by him in Havana Cuba He also emphasizes that keratosis of the 
palms and soles has been an outstanding characteristic of the Cuban 
cases Its first mauifcstation consists of rounded or irregularly outlined 
hyperpigmenteil spots which enlarge peripherally becoming at the same 
time more numerous Newly formed areas also turn into keratoses which 
extend over the whole of the palms and soles The skin appears dry and 
yellowish and becomes squamous at times when in\ol\ement is severe 
Very rarely are hardened claviform keratoses seen Fissuresmay develop 
interfering with manual work and walking In the more advanced stage 
the pigment is destroyed with resulting permanent arhromic areas In 
100 patients he evammed in Mexico rudimentary keratosis of the central 
part of the hands was observed in two According to the physicians in 
Mexico as has been noted above keratoses have not been observed in 
patients with pinta and dvschroniic changes of the palms are also rate 
Hew ever n addiU n to ihe 2 rases with kerat ses ot ihe hands found bv Saenz in 
Me ICO Leon y Clanco (194a) in bis recent stud es of the aSecUon 1 Mexico basalso 
oted tfie ccurrence of the palmar and pbntsr keratoses in that country 

Saenz m addition to the W asseimanii reaction has also observed in 
30 cases with palmar and plantar lesions cardio-aortic lesions such as 
aortitis aneurysm enlargement eif the diameters ol the heart and valvular 
conditions Such disturbances were demonstrated in 23 3 per cent. 
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Just as in some other inflammatorj skm conditions, the pigmentM) 
function IS affected in mal del pinto, scant> pigment granules may be seen 
inside the cells of the stratum germinativum These pigment granules are 
also present m other cells of the malpighian layer and in the melanophores 
of the dermis 

The infiltration may enclose fe>v elastic fibers, although such fibers 
exist in normal quantity in the rest of the dermis 

General Considerations of History and Relationship — In an editonal 
in the October 1939, number of the Bulletin of the Officina Sanitaria 
Panamencana will be found an excellent summary of the history epi 
demiology and distribution of this very important disease of a number of 
the tropical and subtropical regions of the New World In this presents 
tion twenty four different names are given for this disease and that 
number could be greatly increased were we to add the various loca 
designations given by the natives of Mexico Colombia, Ecuador 
Veneauela Cuba and other states of the tropical belt of the Pan Amencan 
Union The review again brings to our attention the importance oi 
etiology in the know ledge of a disease entity as illustrated when Castellani 
first reported the finding of Treponema perlenue in yaws Other inves 1 
gators searching for treponemata m the lesions of numerous skm diseases 
in many countries of the tropical world established the fact that ° 
the affections in which treponemata were found could be grouped wi 
the disease so prevalent among the African slaves brought to 
and designated yaws or framboesia Later on, the employment of t 
Wassermann test added to our means of recognition and brought 
additional relationship of these diseases to syphilis In the many de 
tions of syphilis the designation protean is almost invariably mclu 

Syphiloids and Bejel — There have been described m the history 
syphilis numerous syphiloids ofwhichthebetterknownare' radesyge 
of Scandinavian countries sibbens of Scotland and “ button scurvy 
Ireland Various medical men of the West Indian Islands, m ew) 
Colonial days noted the resemblance between yaws and these Europea 
diseases When Hudson with a long experience as a medical missiowry 

among the Arabs of Syria reported a disease of the desert Arabs 

the name of ' bejel ’ was given by these natives and which showed 0 
treponemata and positiv e serology but was essentially a disease 
innocently in childhood as is true of yaws, the controversy which ai 
had a great value The claims of Hasselmann who had only a few we 
to consider the nature and epidemiology of this disease as against t 
statements of Hudson who lived among these people for more t a 

decade are relatively unimportant as Hasselmann considered the a 

as neither yaws nor bejel but plam syphilis It may be stated tt 
striking difference between the two treponematoses yaws and oe 
the great frequency of oral mucous patches in bejel and their intreq > 


r carate has been desenbed as a disease essentially cutaneous 

, ^ ,,ipn that oalmar or plantar keratoses bore any relations y 

t.;. the O. ,he VV™» react, » cater 



PIMTA 


443 


Havino Silva (1940) has descrihed Pintasn Brazil where it is known as puru puni 
It must not be confused with purni ■ synonym of laws m Malaya 

Fscobar has deKnbed Blue de matosts a spirochetal disease somewhat resembling 
Pints and observed in the mhah tantsof the Chilean plateau He thinks it should be 
differentiated from Carrate and that the organism Is d fferent f om 5 car leum Some 
of tl e enla ged lymphatics contain fine grams of p gment 
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Changes were also found m the spinal fluid m lo per cent The changes 
consisted of an increased gtobubn content, a sjTjhilitic colloidal gold curve 
and a positive Meimcke reaction In one case repeated tests gave nega 
tive results in the blood but a positive one was obtained with the spinal 
fluid In one case a juxta articular nodule was found at the lower part 
of the right leg 

Pardo Gastello and Ferrer (1942) found the Complement Fixation 
and Precipitation tests positive in 60% of the patients in the e3il> and 
100% m the late stages Of Ihcir 41 cases 52 1 % showed changes m the 
spinal fluid similar to those of cerebrospinal syphilis 

Saenz says that m none of the 50 cases of pmta he has studied with 
these palmar and plantar keratoses was there anything to indicate 
framboesia or a previous history of it The patients were all Cubans and 
none showed morbid changes in the penosteura or in the bones so com 
monly observed in the late stages of yaws The lesions were confined to 
the epidermis and corium The most important changes were in the 
horny layer and were manifested by pronounced hyperkeratosis The 
thickness of the stratum corneum was increased sometimes to as much 
as 15 times the normal dimension^ The cells become corapletelv cornificd 
forming horny masses The granular layer is in places slightly increased 
and in others 5 limes thicker than normal The stratum lucidmn is 
clearly outlined No infiltration of the rete was observable In places 
the papillae were flattened and in others hypiertrophied Slight 
m the papillary and subpapillary layers was observed The slight 
infiltration composed mostly of plasma cells and to a less extent of roun 
cells was limited to the papillary layer and located m the vicinity of the 
blood vessels 


Differentiation — Fox fi94d) who has discussed the report of Saen* and hiJ asso 
ciates has pointed out that the byperkeratolic lesions of the palms m pmta were a 
to him and that the positw e serologic reactions of the spinal fluid had not ^**" *'“*”^ j 
m other countries Also the occurrence of juxta articular nodules had not been ei 
before _ >n he 

Saenz points out that m regard to diflerentialion from syphilis two points seem to 
of importance First pmta is limited almost entirely to the colored race At Jms 
he has observed only s cases in white persons and he states that in Mexico as we 
in Colombia all the patients have been Indians He thinks it would be an 
type of syphilis to be limited to the tropical bell of America and as pmta has never e 
reported in the United States or Europe or in the tropics of Asia and Africa thi wo 
be enough to rule out syphilis , 

The views of Leon y Blanco as to the differentiation of pmta from syphilis ana y 
through the experimental inoculation of pmta with the production of a ' 

lesion have already been referred to and the fact that he emphasizes that syphilis 


° advisable to designate syphilis yaws and pmta as forms of treponematosis 
Obviously the mere finding of a spirochaete or treponema in superficial 
the skin would not be evidence that such an organism is the etiological factor 
<.u^r from the reported experimental inoculations and the repeated transm s on 
disease in human beings from cases of pinU to healthy individuals and with the P 
.itu..vK oresent in the lesions so produced the etiological importance 0 


‘^'Cata^r-The Treatifel' of pnS m the same as described for yaws See p 4|3 

been oSrveTfor years that the white atrophic viUliginous spots do not dwappe 
been observeQ in enme of the cases the Wassermann reaction 
under treatmeot in sou* 
the disappearance of the lesions 
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and the sanitary conditions each separate region requires detailed study 
However it may be observed from it that on the whole djsentery is 
more prevalent in warm countries than in temperate and cold areas 

Protozoal Dysenteries 

Of the pTolo oal forms of d>senteiy amoebic d>5enter> produced b> 
Endamoeba histolytica is the most important and by far the most common 
This disease will he discussed at length m Chap \IV and Bacillary Dvsen 
tery m Chap XVI Other forms are described in this chapter 

Balantidiasis, Ciliate Dysentery Balantidial Djsentery — Balantidial 
djsentery due to infection with the ciliated infusorium Balantidium coh 
IS a mu<A rarer disease than either Amoebic or Bacillary djsentery It 
has no special geographical distribution Cases may be encountered in 
many parts of the world and a number have been reported in the United 
States more recently in Texas and North and South Carolina \oung 
(1939} reported 7 cases in the latter state among 142 insane hospital 
patients It also has been frequently oh!>er\ed m Central and South 
American (\ enezuela • Brazil and Argentina) and m the Philippine Islands 
India China Indo China Siam North Africa Egypt and the Sudan 

Manj cases have been reported from northern and southern Europe 
Dopter (1924) enumerated 232 cases among whom were 143 Europeans 
In northern Europe cases have sometimes occurred among individuals 
who prepared sausages The parasite is common in the pig which is a 
natural host and in such instances infection has occurred by the trans 
ference of the parasite usuallj m the encjsted stage from the hands to 
the mouth while handling the intestine of infected pigs Infection also 
may occur from eating raw sausage Craig and Faust (1937) point out 
that considerably over 25 per cent of the recorded cases give a history of 
direct contact with pigs while the use of the excrement of pigs as fertilizer 
may be the source of some infections as the cysts are quite resistant to 
physical and chemical agencies 

It seems probable that this parasite was first seen by Leeuwenhoek 
(167s) in the discovery of the protozoa in the examination of his own 
excreta after a painful diarrhoea Dobell however suggested that it may 
have been another parasite peThaYisGiardialamblialMeiaslomaenUricttm) 
that Leeuwenhoek saw but without giving any proof of the suggestion 
The parasite was first definitely described by Malsten m 1857 in a case 
of ulcerative djsentery and byLeuckart inswine in 1861 under the name 
of Paramecium eoti Stem espeoally described the parasite in 1863 
and transferred it to the Genus Balantidium 

CLASStriCATtON 

CiluU {In/ s a) —The parasite is classified in the class Ciliata in which the 
organisms move by meansot cila The Infusona are the most highlydevelopedof the 

Protozoa 

The bodies of Infusoria are oval and may be free or attached to a stalk like con 
tractile pedicle aswilh twliczlla or they may be aessile The cilia which are chtrac 
teristic may be markedly developed amnnd the cytostome (mouth) and serve the 
100 cases m a year Faust was toM 



Chapter Mil 

DYSENTERY 

pTolo^oal and Ilelmtnlhc Infecttons 
The Jerrrt djsenter}? tociuded in the older literature a group of 
diseases m nhtch mteshoal discharge* containing blood and mucus 
were a common sj’mptom but which diileced more or less from a clinical 
standpoint and liad an entirelj different etiology Hippocrates emplojed 
the term d> entery to denote the passage of liquid stools while Galen 
included the presence of mucus and tenesmus as symptoms of dysentery 
The term ‘ dysentery as used in this respect may be said to be somewhat 
analogous to that of ‘ fe\«c ami as we today separ^fe and speak of dif 
ferent forms of fever according to the different sy mptoms or causafne 
agents so w i th our present knowledge w e hive come to recognize a number 
of different forms ol dysentery m all of which at some stage of the disease 
at least, mucus and bloody discharges from the intestine are * common 
symptom These tray be classified as (t) proh oal (») hAmnihc cr 
verminous anti (3) bactlUry dysentery 



Fic 110 — Compulsoiy notiAcAtim of ayse^t ry cates (a th worW 193S 
deralologiiral InMll g* ce Strf ceotUte Xakzus of Kmwb* ) 


In regard to the accompanying map prepared by the League of N^ations 
(Fig no) illustrating the geographical distribution it should be noted 
that comparatively dew countnes make a distinction in their official sta 
tistics based on notifications {tom physicians, between bacillary ana 
amoebic dysentery The map of the distnbuhon of dysentery is therefore 
based mainly on data from ^lucal and epidemiological publications and 
from laboratory reports extracted from the medical literature of 
wbo’e world Since there are constdetabie variations in the incidence 
of dysenteric affections according to the climate (latitude and aUitude) 
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and tie sanitary conditions each separate region requites detailed study 
However it may he observed from tt that on the whole dysentery is 
more prevalent in warm countries than in temperate and cold areas 

PK0T020AI. Dysenteries 

Of the proto ool forms of dysentery amoebic dysentery produced faj 
Bnianoeba huld-^lica is the most important and by far the most common 
This disease will be discussed allenftlh in Chap \IV and Bacillary D\ien 
(ery in Chap WT Other forms are described in this chapter 

Balantidiasis Cibate Dj sentery Balantidial Dysentery — Balanlidial 
dysentery due to infection with the abated infusorium Balanltdium coh 
IS a murh rarer disease than cither lmoc6tc or BaciWary dysentery It 
has no special geograph cal distribution Cases may be encountered in 
many parts of the world and a number have been reported in the United 
btates mote recently in Texas and North and South Carolina Young 
(igjg) reported 7 cases m the latter state among r^ insane hospital 
patients It al 0 has been frequently observed in Central and South 
American (\ eneeuela * Braril and Argentina) and in the Philippine Islands 
India China Indo China Siam North Africa Egypt and the Sudan 

Many ca es have been reported from northern and southern Europe 
Dopter (tqJ4) enumerated 131 ca es among whom were 143 Europeans 
In northern Europe cases have sometimes occurred among individuals 
who prepared sau ages The parasite is common in the pig which is a 
natural host and in such instance infection has occurred by the trans 
ference of the parasite usually m the encysted stage from the hands to 
the mouth while handling the intesune of infected pigs Infection also 
may occur from eating raw sausage Craig and Faust (1937) point out 
that considerably over 35 pet cent of the recorded cases give a history of 
direct contact with pigs while the use of the excrement of pigs as fertilizer 
may be the source of some infections as the cysts are quite resistant to 
physical and chemical agencies 

It seems probable that this parasite was first seen by Leeuwenhoek 
(167s) in the discovery of the prolo/oa m the examination of his own 
excreta after a painful diarrhoea Dobell however suggested that it may 
have been another parasite pediapsCtar<fiafain&fta ( Ifejortoma entenciim) 
that Leeuwenhoek saw but wilbout giving any proof of the suggestion 
The parasite was first definitely desenbed by hlal ten in 1857 m a ca e 
of ulcerative dysentery andbyleuckartmswine in 1861 under the name 
of Pflfaniecinm coii Stem espeaally desenbed the parasite in 1863 
and transferred it to the Genus BdlantidiKin 

CtASSmCATlON 

CiUiU Un/usoTia) —The patawte » cUssibed la the class Ciliata in vihich the 
orginiitDs move by means at e 1 a Tbelnfosona ate the most highly developedot the 
Protozoa 

The bodies o( Infusona are oval and may be tree or attached to a si Ik like con 
tractile pedicle as with V« Iwella or they may be sessile The eiha which are chtrac 
teilsUc may be markedly developed Moand the cylosloroe (njouth) and serve the 
100 cas a In a year Faust was told 
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purinse of dittcting food into the interior irlule others act as locomotor organs The 
body IS enveloped by a cuticle vhich may have only one opening or sht to serve as 
mouth or It may have a second one acytopygeoranus Usually the faecal matter is 
ejected through a pore which may be visible only when in use They usually have a 
large nucleus and a small one Infusoria tend to encyst when conditions are unfavor 
able (as when water dn s up m a pond) When the ciLa are evenly distnbuted over 
the entire body of the ciliate it is classified in the order Ilolotncba when ciliated all 
over but witl more prominent cilia sutrounduig the peristome in the order Heteio 
tiicha It IS to this last order that the Infnsotu of man belong 

The only species of the class which is pathogenic for man is BalanliJiam cch It 
glides along swiftly by movements of its cJia and multiplies by transverse division of 
the body into two It also produces resistant cysts Iheunencystedciliate or tropho 
ao te IS oval in shape as seen in the faeces and vanes considerably m size from about 
6o-iooi< in length by breadth Bbcklock gives dimensions as great as iooM 

byiioii The larger forms usually occurin pigs At She antenor end there sadepres 
Sion or peristome which leads into the mouth orcytostome There is ao dehnite intes 
tine At the postenor end a depression is visible named the anal aperture or cytopyge 
The body surface is covered by a delicate pelUck which has a stnated appe ranee the 
stnae running obi quely around the body and being formed by the ciUa which cover 
the whole organism The ciha m the oe ghborbood of the periostome are dist nctly 
(ooger than those covering th general body Beneatl the pell cle the clear ectoplasm 
which surrounds the endoplasm may be observed Two contractile vacuoles are pres 
ent a large one situated anteriorly and a much amallet one postenotly These vacuoles 
pulsate at inter als the posterior one apparently emptying into a small tube connected 
with the surface through the an I opening Food vacuoles are also usu Uy present 
The endoplasm also contains a Urge ludneyUbaped nucleus the macronucleus and a 
ID U nucleus the nucronucleus n its concavity 

In ptepaiations ha dened and stained with baemaio ylin the longitudinal itraition 
in the ah may be easily ob><tved The cysts when unsts ned mevsuie from 45-6511 
in length haveadouble outlying cyst wall and ate spbencal or oval is shape greeiush 
o yellowish in color Wlien first formed they contain a single Baltnttdiun Some 
times 3 individuals may be observed witbin a cyst which le an illustration of conjuga 
t on and not of multipbcation Eneystment appears to be a purely p otective process 
no muliiphcatian occurring within the cysts 

In 1900 the writer studied Ibe inleciiori m the Philippine Islands and 
gave the first description of the pathological histology showing that the 
parasites invaded the mucosa musculans and submucosa and were found 
m large numbers m the blood vessels of the submucosa and along the inter 
muscular septa causing round cell infiltration an increase in eosinophile 
cells accumulations of polymorphonuclear leucocytes later undermining 
of the mucosa and eventually the production of ulcers Askanazy later 
reported similar results It has also been shown by Bowman and others 
that the parasite may invade the mesenteric lymphatic gland The 
dysentery produced is more commonly of a chronic type and the ulcers 
are frequently deep and burrowing m the submucosa 

Walker 101913 was able to produce erpenmental miestmallesions 
m monkeys by injection of Balanhdium cofi from man or other infected 
monkeys Infections were obtained cither by feeding encysted balantidia 
or by injecting into the rectum the vegetative moUle forms of the parasite 

In the early lesions there is vascular dilatation with minute haemor 
rhages round cell infiltration and eosinophiUa Later ulcerations and 
abscesses m the submucosa develop in a number of instances 
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SYMPTOMATOLOGY 


Ratcliffe (1934) has reported a study of the lesions in man and in pigs 
He has shown that in many cases swine carry the parasite without esidence 
of disease or invasion of the intestinal wall by the parasite However 
when the swine which harbor balantidia were infected by an organism of 
the Salmonella group the ciliates invaded the intestinal tissues He 
believ es the protozoa elaborate a cy totoTic or necrotizing substance that 
causes tissue degeneration and later ulceration of the mucosa, with the 
development of undermining ulcers 

The parasite has been found in other animals besides the pig— the 
chimpanzee and orangoutang — and Harlow Brooks reported an epidemic 
of dysentery in the orangoutangs in Central Park Nevv\ork due to this 
parasite 

Studies by Hegner and Nelson (1935) at Johns Hopkins confirm the 
fact that the species of Balanlidtum of man swme and chimpanzee are 
apparently the same Balantidium has also been encountered in the wild 
pig of the Philippines and m the rat Nelson (193s) has been able 
repeatedly to infect rats with the species obtained from the chimpanzee 
Awaban (1937) has aUo pointed out that rats may be naturally infected 
show intestinal lesions and be earners of the human species of Balanltduim 
The parasite in the guinea pig B ca^tae and the monkey Macacus rhms 
B smtlae are apparently different species Knowles (1934) ^ho fed this 
species from ^^acacus rhesus monkeys to human volunteers in Calcutta 
did not succeed in infecting them Recent observers, Hsiung (1938) 
Fusthy (1938) confirm McDonald s contention made in i<)i2 that there 
are a species of Balaultdiuin which infect the pig These are B coh and 
B suts the former being of larger average dimensions than the latter 
The parasite can easily be cultivate in artificial media In 19** 
Barrat and Yarbrough reported the successful cultivation of it from a case 
in North Carolina in a media containing inactivated human blood s rum 
and o 5 per cent salt solution — i part of serum to 16 parts of the salt 
solution Partial anaerobic conditions favor the growth Subsequently 
several observers have cultivated the parasite successfully in Ringers 
serum medium to which a small amount of nee starch is added It can 
also be cultured m any of the media satisfactory for the cultivation of 
Endamoeba histolytica and Atcbley (1934) found that the addition of 
filtered aqueous faecal extract in proportions of about i 4 by v olume still 
further favors the growth of the parasite 

Nelson (1940) has also employed successfully one part intestinal con 
tents diluted with 9 parts of Ringers solution The organism has not been 
cultivated in media free of bacteria 

Syuptouatolocy 

The most common symptoms produced are those of chrome dysentery 
and they are often similar to those observed in amoebic dysentery 
There may be colicky pain a ebstended and painful abdomen with a 
furred tongue and loss of appetite The number of stools vary with the 
stage of the disease FrequenUy from 8 to 15 are passed during the day 
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They may be of the conststence of pomdge or fluid alkaline in reaction 
often contain mucus and sontciiines bfood corpuscles and I ucocytes 
The djsentery is often of a very chronic character Many of the cases 
show cacbevia and anaemia There is no leu«>c> tosis 

Pinto who reported 9 cases from Braaif and Walker m ti-e Philippine 
Islands point out that some of the cases may be rnjid and that tiiere 
may be earners oi the parasite 'nithout symptoms MaaJowe has also 


P o I s 5 "Chronic ufee *l n« of (h tin o Btt i J m ol n( i. n (Att i 
Bomnan I’bibppa Jt So 1909) 



emphasized that there may be iniesiinal ulcerations and no chnicai symp- 
toms Serra (t9jr) whofoundacasesmPu. rtoRico observed symptoms 
of d> sentery in only one 


Paoevosis 

In regard to prognosis of iit severe cases collected by the wnler 
the morlahly was 79 percent Iloimer the mortality of 57 mrid cases 
was but 7 per cent Of ijj cases diarrhoea or d>’»entery was present in 
150 In 40 necropsies 36 showed ntceration of the large intestine and 
chrome cataiih was present in 3 In one case the condition of the large 
intestine was not noted 
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PsOPnitAWS AND Taeatment 

Prophylaxis — In relation to prophylaxis cleanliness and di«mfecuon 
of the hands, especially in those oho ^^ork among pigs such as swine 
herders butchers, etc is of importance Also the avoidance of uncooked 
sausage, and the disinfection of excreta of infected individuak The 
protection of food and water from the dejecta of infected ammals is 
of importance and also most be considered The cysts may remain 
unchanged in moist faeces for weeks but are quickly killed by drying or 
by direct sunlight 

Treatment — There is no specific treatment and treatment is fre 
quently unsatisfactory Emetine and ipecacuanha hav e often been found 
to be ineffective However Kipschidse (192S) m the treatment of a 
cases in Tifiis of which 3 died found that emetine injections m large 
doses 005 to 006 gm , m 15 to 30 injections gave the best results 
Enemata of the organic compounds of silver, such as protargol have some 
times given good results and have apparently caused the eradication of 
the parasites Stovarsol and acelarsone have also been recommended 
Thymol and oil of chenopodium or arsenical preparations (carbasone) 
by mouth and yatren by enemata have also been recommended for 
treatment sometimes with success 

Among recent reports of successful treatment are the followiflg 
E C Cort treated t- casea in Siam by enemata of 15 cc of oil of cheno 
podmm in 150 cc of olive oil AU of the patients were freed of the 
baUntjdium infection In one ca«e a second treatment within 34 
of the first resulted in syinptoms of chenopodium poisoning * Banik 
(1935) in one case found emetin }< grain daily for 6 days and thymol 
x6 grama of no benetit Finally 3 yatren enemas were given 8 os of a 
j s per cent solution one on each of 3 cons^utive days These cleared 
the stools of protozoa and the unfavorable sy mptoms ceased ilcEcnzie 
and Bean (1938) have treated a case by running into the large intestine 
s pints of LoefSer s methylene blue after the colon had previously been 
washed out The treatment was repeated the next day The cihates 
were no longer found but gradually diminishing numbers of cysts were 
passed for a fortnight when the treatment was repeated alter which no 
further ciliates or cysts could be detected £ Siha in Brazil reported 
10 cases in which the usual forms of treatment by yatren emetin etc 
had proved unavailing The patients were given a strict milk diet 
3SOCC btimesaday Inalibutoneofthepatients the clinical symptoms 
ind the parasite disappeared In the one exception there was cbmcal 
improvement but the protozoan was still found This patient was 
treated in addition with paroxyj (a propiietary amoebicide essentially the 
same as acetarsone) The diarrhoea ceased and the balantidia could no 
longer be found Bercovifr (sptj) says ciunio/on has given excellent 
results Young (1943) has treated 7 cases successfully w-ith carbarsone 

Several other species 0/ Cthata have been reported in man, 

NycMhtrus faha was said to have a kidney shaped body and to meas 
ure about 23 by tjiJ A large contrattile vacuole was noted at the 

llie toxiotv of such doses must be empIiasMed Diasfigvi) 
of chenopodium in 15 cc ol oil by rectnm The child died several H 
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posterior end and a large nucleus in the center with a small fusiform 
micronucleus lying close to it Schaudinn (18S9) observed this parasite 
in the stools of a man m Berlin and it has been reported in a patient in 
one instance in Italy and in another m Btaiil Nothing is known regard 
mg the life history of this orgaiu m its method of transmission or its 
relation to disease These casts ma> have been e-camples of accidental 
invasion 

Schaudmn also reported a small speaes Balantidium tniniilum It 
was found m the stools togelherwiihA')rfe//»<»’«r/o6fl Castellani (1905) 
also found in one case m Africa a speaes which shows slight variations 
which he named Ictotherus ajncantis Wichterman {1939) does not 
believe that an> species of IcMherus is parasitic for man and that all 
the species found in the stools have been cidier free living or coprozoic 
protozoa 

Dysentery in Malaru and Kala Azar as a Compbeahon. — Dysentery 
also sometimes occurs as a compbcation m at least 2 other important 
protozoal diseases First in certain severe perninous infections with 
malana in which the capillaries of the intestinal mucosa are hlled with 
parasites In fatal cases of malana with dysenteric symptoms the 
mucosa of the intestine at autopsy may be congested and dark red in 
color or have a mottled appearance as 10 catarrhal dysentery while the 
contents may be blood stained and contain mucus The malarial para 
sites and pigment together with woUen endothebal cells may form 
veritable thrombi and occlude the vessels When this occurs in the 
brain cerebral symptoms of malaria occur and when in the intestine 
sometimes dysenteric symptoms In the latter case the capillaries of 
the mucosa and villi may be filled with parasites the epithelial cells 
necrotic Mliether the d>sentery owes us origin to the malarial tosne 
in especially susceptible individuals 1$ not clear It has been suggested 
that the epithebal injury di poses to secondary bacterial infection The 
submucosa and deeper la>«rs escape injury unless secondary bacterial 
invasions occur 

Manson Baht (1939) whostudiedroalanal dysentery notes the foUnw 
ing pathological changes (i) intense infection of the mucosal vessels 
with parasitized cells (z) nectosis of the epithelium (t) leucocvtic infil 
tration of the tissues subjacent to the necrotic zone (4) invasion of the 
necrosed tissues with bactena 

Craig who has repotted a senes of cases has aUo observed similar 
changes and found ulceration t>I the mucosa 

Malarial dysentery was studied especially m the World Wat by 
Manson Bahr Dudgeon and Clark and Graham In a number of cases 
secondary infections of both bacillary and amoebic dvsenterv occurred 
Both Manson Bahr and Arafa (1930) have described the sigmoidoscopic 
appearance of malarial dysentery as being characteristic A diffuse 
hyptraetmaand swelbng of the mucosawas observed not unbke the appear 
ance of the early stages of baoUaiy dysentery A superficial necrosis of 
greyish or yellowish white patches on the surface of the gut was also 
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Visible When these were s^vabbed or scraped a congested and super 
ficially ulcerated area was revealed Cases have been reported in which 
the diagnosis of malaria was first made by finding malarial parasites in 
the blood cells which were present in the stools Under anti malanal 
treatment through the sigmoidoscope, heabng of the intestinal lesions was 
observed 

Treatment 

All cases of enteritis in assoaation with subtertian malaria should 
receiv e immediate treatment It is probably best to commence treatment 
by intra muscular injections of quinine bihydrochlonde lo grains but 
in more urgent cases it may be necessary to inject the same amount 
intravenously Later antimalanal treatment with further doses of either 
quinine or atebrin should be given In order to check the diarrhoea 
bismuth and opium in the form of pulverized ipecac et opii should be 
emplojcd If diarrhoea persists m spile of these measures, gentle lavage 
of the bowel with normal saline or t per cent sodium bicarbonate maj be 
advantageous 

Leishmaiua Dysentery — In visceral leishmaniasis or lala azar dysen 
tery may also occur as a complication m advanced stages of the disease 
Visceral leishmaniasis is a chronic febrile disease caused b> L denmant 



Fig 1x 6 — Larg intestine Kala a ar dy nt y showing le oas of the jnu o a of th 
large ntest ne Le hman a fonnd in films from the ntest nal mucosa and in spl 

discovered by Leishman and Donovan independently in 1903 Its most 
striking characteristics are the persistent fever anaemia and cachexia 

condition with ultimate great enlargement of the spleen and hver Grea 

emaciation is in marked contrast to the prominent abdomen due to the 
large spleen and liv er The disease is described in detail in Chap V I" 
cases which are complicated with dysentery the Letshmanta are often 
found in large numbers in the mucous membranes of both the small an 

■r -On 
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large intestine Sometimes polypoid masses with necrosis of the epi 
thelium and superficial ulcerations may result Such cases have been 
desenbed especially by Chnsfophets Archibald and Perry In 2 fatal 
cases desenbed by Perry the ^eyvnram appeared thickened •without ulcer 
ation and each villus was ch4nged into a swollen polypoid appearance 
The epithelium covenng the \UU had disappeared The internal struc 
ture of the vilh showed art intense proliferation of the endothelial cells 
lining the lymph channels Inskmaniit were found m small numbers in 
the submucous coat m the endothelial cells and m those at the ba e of 
the villi In the center of the vilh they were present in the endothelial 
cells in enormous numbers Meleny found from the experimental infec 
tion of hamsters with LeiiftmaMW that the intestinal mucosa frequently 
showed massive accumulations of the parasites but in hamsters the over 
lying intestinal epithelium was not destroyed 

Shortt and His associates have demonstrated the presence of leish 
mania m the stools of kala asar dysentery There was much blood and 
mucous in the tools and I eishmania was demonstrated m the exudate 
on a successive days Jemrna and Christina m cases of infantile kala 
azar in Sicily oh$er\ ed the presence of enterocolitis associated w ith circu 
lar ulcers in the large intestine In India in manv instances either 
bacterial dysentery or amoebic dysentery has been found to occur as a 
terminal complication lo kata atar Rogers noted dysentery as present 
in 25 per cent of the cases of visceral leishmaniasis In one senes of 
advanced cases it occurred m 70 per cent 

The treatment of the condition b\ antimony compounds is described 
in Chap V 

lKTti»fiSAt Cocewosts 

Coccidia are common parasites of the intestine of diSerent ammals 
and Cocadttm or £imerta sKrnti is the cause of an acute form of disease 
known as red dvsentety of cattle in which there is usually high fe\er 
and the animal becomes greatly emaciated Theobald Smith and Gray 
bill in igi8 found it in the United States to be the cause of an acute form 
of dysentery in calves Henry in 1952 showed that intestinahnfection 
of guinea pigs with coccidia (Cimtfia) practically always results in 
diarrhoea and frequently with passage of mucus Extensive pathological 
changes were noted in the large intestine Tyazer has also made a com 
plete study of the infection m gallinaceous birds with Etmtrta and 
desenbed pathological changes in the intestine The parasites ate found 
especially m the epithelial celts haemorrhages from the mucosa being 
common Dogs and cats are frequently found infected with species of 
liospora invading the epithelial cdls 0! the small intestine A do ely 
related if not identical species of Tsospora has also been found m man 
associated with intestinal disturbances 

CtASSIrtCATlOS 

The p»ra»nes belong ng lo the older Coeodu found wjibui ibe epiUieliaJ ceUi 
of the intest ne and the organs conn cted with it especially the bUe passages They 
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grow within the cells which they gndoaBy coosume snil finally multiply iMmslly 
(schizogony) forming cumerous minute {nlctform merozoitea lliMe escape from tit 
dtsiategrated cell end > nvade fresh epithebal crils in which the cycle is repeat^ Finally 
certain of the parasites develop into sexual forms (gametocytes) The malt (oucro- 
garoctocyte jo to 3011 long) divides mlo a large number of tniaale sperm hie bodies 
provided with two flagella (microgametes) oneofwhichpenetrstesinioandfertihaealie 
female macrogaroetocyte Fertilisatioa ta extracellular probably lo the Icnien of tie 
gastrointestinal tract The fertthxed macrogamete then develops an eeceedingly 
rcaistant membrane about itself and nlcnnun asan oScyit The oQcyst is passed in tie 
faeces and conslilutea the infective stage of the parasite Its coo 
tents divide into * or a secondary cjsts (sporocysts) within wiicb 
a varyingnutaberoffatciformsporotoitesdevelop When ingested 
these arc liberated penetrate the epithelial cells and sUrt the 
asexual stage of development >>o incerBiediate host is required 
These parasites are common and infect a great many species of 
vertebrates Cases of human infection which are tire have been 
attributed to the two genera £>mrfia andfior^ero In Eimictslhe 
oScysts cofllam 4 sporocysts each of which coBtaios two sporozoites 
In Jsespora there are » spotocysls each with 4 sporoMites 

Eimeria etiedae (Ctvridium tunicuh C prtftrmt) a a very 
corssmon paiasite of rabbits invading the epithehal cells of the bilt 
passages and forming small jelloviish nodules m the User Infec 
tioo of the Lver lo man baa ^en reported m about j bumaa ca«s 
Craig (jp4o) gives the name to this species of Ce««di«« gwWw* 
and says the oCcysts aop in length art considerably smallee thin 
in £ slitdat The oocysts of £ i/irdos (10 the faeces) aw about 
sobyroi* oval with a double hoed inlcgumtnt OScysUo f othe r 
species of £ mma have been reported in human faeces but accord 
mg to hlagath (rp3s) these were accideotsUy swallowed with 
infected meat and did not ladicate actual infection 

Human. Cases of Infectioti with Isospora Hormnis (I Belli) —Some 
335 cases of intcsUnal infection tvjth coccidia (Isospora hmitnt) have 
been reported in man since 1915 when the parasite was found m soldiers 
from the Mediterranean region the first infections having been reported 
by Uoodcock and by Wenjon Virchow first noted the presence of this 
parasite m a human being m the intestinal vrlli the organism being 
subsequently named Isospora homivis Eimer later found similar bodies 
in the intestinal epithelium jn two autopsies in Berlin In 1915 Wood 
cock and Wenyon discovered the cysts m the faeces of soldiers Connal 
(iqjj) accidentally infected himself with the cysts of this coccidiuni 
After an incubation penod of 6 days be suffered from diarrhoea and typical 
cysts were demonstrated in the stools The faeces were liquid of a 
brownish yellow color and contained incompletely digested material 
Charcot Leyden crystals wne numerous but no blood or pus cells were 
present The stools contained a large amount of undigested material 
especially fat The obeysts persisted for 36 days after which they van 
ished following treatment and xecoveiy The symptoms which were 
neither prominent nor severe consisted of diarrhoea abdominal discom 
fort flatulence, loss of weight and a certain degree of lassitude 

The oScysts are ovoid structures widi a smooth colorless doubly 
refractile wall about iS by 331* la length and 12 by in breadth 
When passed in the faeces the aygote is generally unsegmenfed though 
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occasional\y segmentation into sporoblasts occurs Within about 24 hours 
there appear 2 o\(iid sporoblasts about 13 bj Qfi with doubly tefractile 
walls within the original cvsl wall each of which contains eventually 
4 vermilorm sporozoites about 2 by 6 m u sise 

In addition to this two spored spcQes 2 other species of four spored 
coccidia have been reported m man namely Eimcrra chipeanm E 
uenyonx and £ jardinae (£ oeyr^ra) These are parasites of the 
genitalia (the roe) of herring and sudrnes nhich may be ingested by 


K»c I »— i 0 p rafaotnms alt r Uaeaut (Ani J1 T oj> M«dl 
the individual upon eating uch fish and passed through the lumen of the 
intestine unchanged They were for a tunc considered to be humjn 
parasites 

Wen>on believes that in man as m animals the coccidiura {tsospora 
hotnints) is a parasite 0! the intestinal epithelium Although diarrhoea has 
been associated with many of these human cases there has been no record 
oj dysentery m roan m any case About 75 per cent of the cases came 
from the Mediterranean area and near lying countries They have been 
scattered through Mesopotatma Persia south Russia Italy Sy-na and 
TurVej Othersha>ecameiromnortb east west and south Africa north 
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and central China Indo China Bengal, the Dutch East Indies the 
Philippine Islands Urugua> Brazil Argentina Hawaii and the United 
States Magath (1935) hasmadcastudy of the reported cases Onecase 
of infection was observed at the Mayo Clinic This patient apparently 
contracted the disease m Hawaii Stnyly and Kuie (1936) observed a case 
in which in addition to cysts E colunAE wawu were presentin 
the stools 

From a study of the literature it would appear that the infection is 
rare in man Manson Bahr (1939) who also studied the literature of the 
cases says it is worthy of note that a mild form of diarrhoea with light 
colored fatty stools consisting to a great extent of undigested material 
IS described by almost everyone who has written on the subject There 
is also an almost invariable association with numerous large Charcot 
Levden crystals 

The writer has been able to find the record of only one human case 
that resulted fatally in which a postmortem examination of the intestine 
had been made Gaillard (1936) observed in Saigon a case m a child of 
a years of age suffering from acute diarrhoea a pure infection of 
However the number of cysts found on the day of entrance was very 
small The eggs of ticam hmbrtcoides were also present On the 
following day it was not possible to find either the oocysts or Ascms eggs 
On the 4th day the eggs of Ascarts were found but still no oocysts The 
patient died the sth day At the autopsy no lesions of the intestine were 
observed nor were anv oocysts discovered in scrapings of the mucosa 
nor in sections Also the author found no Ascarts in the digestive tube in 
spite of the fact that the eggs had been present in the stools It is not 
clear that any microscopical study of hardened sections of the intestine 
was made 

Manson Bahr (1939) has observed cases of infection m South 
America in which cysts were present and in which the intestinal symp 
toms and diarrhoea w ere regarded as caused by the parasite He concludes 
from his survey of the literature that Isospora hotnimz is pathogemc for 
man and probably completes its scbtzogenic development within the 
mucous membrane of the intestinal vilU the symptoms produced being 
those of subacute dysentery with the passage of light colored faeces con 
taming much undigested material and an excess of fat its further pecuh 
arity being the large number of Charcot Leyden crystals 

Treatment — Treatment with large doses of bismuth salicylate together 
with enemata of 2 per cent sodium bicarbonate has been found satisfactory 
m the elimination of the cysts and the cure of the condition by Manson 
Bahr Connal was also cured by the administration of bismuth salicylate 
and charcoal 3 times daily 

Helminthic Dysenteries 

Schistosomal Dysenteries, Bilharzia Dysentery — Three species of 
flukes or trematodes of the genus Schtshsoma are parasitic m the venoia 
system of man They produce large numbers of eggs which are extruded 
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through different organs of the body especially the bowel and bladder 
Two of these species i'f/itj/ojema and Sclitslosoma japomcum 

give rise to intestinal schistosomiasis and produce d>sentenc symptoms 
while a third species Schistosoma hoe Hoiobmm gives rise to haematuna 
All 3 of the species howeier produce pathological lesions in the different 
organs and especially the bver not only through the toxins secreted by 
the parasites but by the irnlalion they themselves and their ova produce 
Schistosoma inaiisont infection is distnbuted throughout Africa being 
most abundant in the Congo basin and m Egypt French West Africa 
and Nigeria In some villages from 40 to 90 per cent of the inhabitants 
are found to be infected In the Western Hemisphere it is common in 
South America Brazil Venezuela Dutch and French Guiana Puerto 
Rico and m the Antilles Jones in 1932 found a quarter of the popula 
tion of St Kitts to be infected The infection was also found to be 
common in the W est African green monkey Cercopithecus sabaeus which 
formerly was imported and has now established itself in St Kitts These 
animals also suffer with schistosomal dysentery 

Scinslosoma japomcum occurs most commonly in China m the \ angtze 
valley but U is aUo found m Southern Japan and Upper Burma and more 
rarely m the Southern Philippines It also occurs as a natural infection 
in cats pigs dops and cattle which ammals may serve as reservoirs of 
human infection 

The life historv of the parasite iQ which species of snails serve as inter 
mediate hosts is described in detail under the general subject of schisto 
somiasis (Chap \LVII) In this section merely the subject of schisto 
somal dysentery will be considered 

Infection is usually acquired by wadmg or bathing in infected water 
but may occur through the buccal mucosa from dunking infected water 
Penetration of the skin by the cercanae takes place usually giving rise 
to an intense pruritis and erythema The parasites o i to o 2 mm long 
burrow into a vessel and are earned by the blood stream to the lungs 
and make their way to the liver and portal veins About a month 
after the parasites enter the body there is often a period of fever asso 
ciated with urticaria frequently cough abdominal pam anda leucocytosis 
with marked eosinophilia The period required for the development of 
the characteristic local lesions vanes from 6 to 8 weeks to 2 years or more 
The lesions differ in detail with the species of parasite concerned In 
the case of 5 mansont and 5 japomcum the wall of the colon is particu 
larly involved where most of the egg* are deposited Many of them 
however are carried by the portal vein to the liver and m smaller numbers 
to other organs including the kidneys lungs and brain Eventually a 
fatal portal cirrhosis may be produced Schistosoma mansoni anijapont 
dim give rise therefore not only to a chronic dysentery but in many 
instances to great enlargement of the Uver splenic anaemia and a terminal 
cirrhosis of the liver 

Hu m a n Pathology — The pathological changes produced in the mtes 
line are due to some extent to the adult worms but especially to the ova 
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The worms themselves or the products of their metabolism stimulate 
local and to some extent s>steimc cellular proliferation particularly in 
the li\ er and spleen In the interhepatic portal \ essels cell proliferation 
with tubercle formation or local necrosis or infarctions may occur In 
the intestinal wall the deposition of the ova leads to marked pathological 
conditions Owing to the sharp spines and chitmous cells the ova act 
as irritating foreign bodies giving rise to proliferation of the epithelial 
cells and the production of special granulation tissue which contains 
more or less fibrin By this proliferation of the epithelium, and the 
resulting inflammatory exudate the mucous membrane becomes thickened 
later papillomata are often formed which are frequently very vascular 



Fic 119 — PapiUoTnata of tbe sc F'o — Ulcerations of the 
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By rupture of the blood vessels and necrosis of the epithelium ulcerations 
are gradually formed When ulcerations of the polypi or papillomata 
occur in the intestine symptomsofdysenteryarise Secondary malignant 
changes sometimes develop from the papillomata in the colon and rectum 
Fairley has studied the changes in the tissues in artificiaOy infected 
monkeys and believes that in these ammals the earlier lesions are due to 
the toxins rather than to mechanical irritation In monkeys death occurs 
from the second to the sixth week frequently associated with severe 
melaena The earliest lesions occur as pseudo tubercles small whitish 
nodules which consist of fibroblashc cells with large numbers of eosino 
philes Lampe m Surinam has also observed these pseudo tubercles m 
the mesenteric glands of human cases of infection They are also scat 
tered throughout all the organs and particularly on the peritoneal coat 
of the bowel They also occur in the mucous membranes where they can 


DYSeMTEKY 


461 


be seen by means of fhe sigmoidoscope lo earber stages of the infection 
In addition to these changes deposits of black pigment denved from 
haemoglobin are found in the Knppfcr cells of the liver There is often 
much enlargement of the spleen m the advanced cases giving rise to the 
condition known as Egyptian splenomegaly 

Manson Bahr (1939) divides the lesions of the colon into $ types 

(1) Those viith simple thickening of the mucous membrane and the 
deposition of eggs in sandy patches lO the mucosa 

(2) Thickening of the mucous membrane with papilloma formation 

(3) Pericolonic tumors assoaated with papillomata 

(4) Polypi of the bowel which may lead to intussusception 

(5) Cauliflower excrescences m the neighborhood of the anus 

Much diflu e infiltration of the submucosa with the ova gives rise to 
a catarrhal condition m the bowel wall Haemorrhages and eventually 
ulcerations occur which give rise to djsenlenc symptoms 

Symptoms 

The general symptoms consist of a high remittent fever w ith urticaria 
abdominal pain loss of appetite ngors and sometimes pulmonary symp- 
toms This stage may last 6 or 8 weeks After the infection has lasted 
a months or more the symptoms become localized with the passage of 
dysenteric stools The symptoms may resemble attacks of amoebic 
dysentery Sometimes they simulate those seen in membraneous colitis 
with frequent stools and some tenesmus and in advanced cases the tenes 
mus IS often greater owing to the presence of polypoid growths m the 
rectum These may protrude from the anus and resemble haemorrhoids 
Perineal fistula and much scarring may also occur 

Comphcabons — Frequent complications are ascites and cirrhosis of 
the liver and also a special form ol splenomegaly Many of these cases 
result fatally 

Ducnosis 

The diagnosis can only be made with certainty by finding the character 
istic ova in the faeces or sometimes in the urine When the eggs are 
scanty concentration methods should be employed Fairley has recom 
mended a complement deviation test for diagnosis It is based on the 
discovery that an antigen prepared from an alcoholic extract of the liver 
of a snail infected with cercanae of S mansani gives a positive reaction 
by the Wassermann technique with the blood of patients who harbor any 
ol the three species of Schistosorandae which infect man 

TRXATMta.T 

Up to a few years ago schistosomiasis wis regarded as an incurable 
disease but m 1915 aiacDonagh pointed out the successful use of tartar 
emetic intravenously in a few cases However J B Chnstopherson in 
1917 made the independent discovery of the value of antimony m the 
treatment of schistosomiasis and was successful m demonstrating the great 
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value of this drug In moderately advanced cases the destruction of 
both 5 haematobium 3 .nA S »ja«roK» may be followed by recovery In 
advanced stages of the disease it is often ine/Bcacious Either potassium 
or sodium antimony tartrate may be given the latter being sometimes 
less toxic The drug is giv en intravenously in i per cent or 2 per cent 
solutions Initial dose for adults is M gram and the dose is gradual!} 
increased to a maximum of 2 (rarely to 2}^) grains The total amount 
of tne salt required to edectacureispbcedbv Chnstopherson at 30 grains 
in adults, but Day found that 24 grams would suffice in many cases 
Cranston (1928) says 20 grains Faust and Jleleney have found 22-30 
grams intravenously over a period of 18-20 days usually curative Many 
prefer to make the injections on alternate days, or 3 times weekly 

Prophylaxis 

The question of diagnosis prophylaxis and farther treatment with 
orgamc antimony compounds is discussed in detail in Chapter XLVII 
under^the heading Schisiosomtaus 

Other Iletmuilhtc Infections 

Dysenteric symptoms have also been described from infection with 
Oesopkagoslomum brumpti zndGasIrodtsctis homiuis see Chap XLV 

Flagellate Diarrhoea and Intestinal Flagellates 
Classification Occurrence and Cluneal Manifeslattons 
The flagellates are classified according to their number of flagella 
and the presence or absence of an undulating membrane and of a blephaw 
plast They are adapted to a life m a fluid medium and appear in the 
stools when the contents become fluid or semifluid In normal stools 
encysted flagellates only (of some speaes) are found They require only 
a single host man and the human species are probably rarely found m 
other animals although a few exceptions are noted below A number 
of them can be cultivated on media suitable for amoebae but there is 
one notable exception — Giardia lambha 

They can best be detected in fresh preparations in which their active motility makes 
them conspicuous objects In a dying condition they may show some ^eudo 
amoeboid movements To distinguish the flagella it w best to mount them in ! 
iodine solution For this purpose a clean slide should be used and a vaseline line sbou 
be made across it about one mch from the end A drop of iodine solution is placed on 
the slide about half an inch from the vaseUne line and a suitable portion of the f*®*^*® 
be examined is emulsified in it The edge of a square cover glass is then applied to t e 
vaseline line and allowed to drop on the preparation By pressure suitable tmeknes 
ot the fluid can be obtained and there need be no current motion It is desiraWe to use 
dark field illumination as in this way the flagellaaie distinctly broUoht out The India 
ink method is also applicable Films may be stained with iron haematotylm or by 
Giemsa s method after fixation m methyl alcohol or Schaudmn s solution 

In addition to the species desenbed below several others have been reported (Cer 
CBMonas Bodo etc ) as occurring rarely w human faeces but it i probable that they a 
accidental contaminations (coproxoic flagellates) and of no practical importance 
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Genus Trichomonas Donne 1837 Hus genus includes flagellates 
having from 3-5 antenor flagella ana'cost>le an undulating membrane 
a posterior flagellum and a definite c>tostome Three species have been 
described in man under the names of Trichomonas komtnts T buccahs 
and T vaitnahs Morphologicallj they appear to be identical * 

Tricho nonas homims (Diviine 186) Cercomonas homims {Diviuie i860) T 
intest nails (Leuckart 879) 1 a very common paiasste in di rrboeal stools see Plate 
IV Pig 28 p 480 Its distribut onis'Aortdnide but it is more commonly encountered 
m man m the tiop cs and subt opics than in tempe ate climates It is pear shaped and 
commonly about 9 by nn There ate 3 to s usually 4 flagella projecting anteriorly 
while another one forms the border of the undulating membrane and projects po ter 
Orly An atostyle passes from the antenoi to the posterior end A cytostome is 
present near th nucleus at the anten r end hlultiplication takes place by binary 
longitudinal d vision Cysts have not been found The flagellate moves uith an 
irregular circular or spmning motion The organism is usually more numerous in the 
large intestine and Ueum but may inhabit any portion of the small or Urge intestine 
It withstands gastric ju ce and passes through the stomach unchanged 

Flagellates ident cal in morphology have been f und in monkeys and Dobell ( 934) 
believes the species he observef in theK an mab is ideoUcal with T horn n s 

The method of t ansaussion is apparently by contsminatioa of water 0 food with 
the vegetative 0 tropoa ite forms as cysts ar unkno n The incidence of mfecU n 
var eg considerably being hi her whe e the sanitary conditions re poor and hence 
more common in warm count es Kofoid in the Vniied States examined 2400 soldiers 
invalided from France and found only 3 or o per cent infected Of 34 students b 
found o sSprcent infected Faust mVirgmu founds] or 2 4 per cent of 460 
infected At the ambul wry cbnic fo p t cnts id New O I ans in 427® eesminations 
he found o 09 per ceat infected On the other hand Fletcher and Jepps in t034 etami 
atwns of natives 10 the Federated Mai y St tes found 19 otii9percent infected 
Truk monos bu caUt (C odey 1917) (Koloid 1920) —Although some observers 
ha e desciib d diflereoces in m rphol g> betwee this species and T Aaminir and 
r tag Is app renily such differences have related to indi idual organisms or van 
t ons in th organi ms due to methods of p ep ration ot of environment Lynch 
Wenyon Dob 11 (1934) C aig (1937) belie e that all 3 T Aaminii T hueealts and 
T tag / s are identical m rpholog cally T bu f t is found m the human mouth 
esp c lly in tartar ar und the teeth a d in pus pockets m pyorrhea al eolaris Cta g 
describ d it in nec otic areas in Vincent s angina and A\ enyon observed it in pus in the 
loll cles of the ton ils It has als b eo fo nd m sputum g ngrene of the lun^ and the 
St m ch contents in c cinoma Ilegoer and Chu Iso found flag Hates wbch they 
regard d as idcnt cal from scrapmp at the base of the teeth m monkeys in the Philip 
pines It IS a common parasite > the mouth of man and Hogue found it p eseut in 9 
or 8 per c tit of; mdividuals evanuned If nshaw (1926) examined $0 mmates 
of a prison and found 60 or 24 per cent inf cted Tw nty seven per cent of the 
priso rs wereinfected but only 4 bSpercentofthepn on personnel Beatman{ 933) 
e amined 50 patients in a dental chnic and found 49 or ig 6 per cent nfected but 1 
9 norm I mouths h was unable to find a sngl lof ction Nevetth Ics others have 
found it m app tenlly n malindvduls There is no e idence that it is a pathogenic 
organ m tho gh it is much mo lre<iuent]y found m assoc I on with diseased condi 
tions m the teeth and guma 

\\b le Its method of transmission is u kn wn it is p esumed that it may be con 
tr cted fr m infected wate or food a d bo Iran nutted by kissing and by droplet 
I fcction. 

Tr cko w ai tog / 1 (Don t 1837) was descnbed by D nnS as the type species 
( the genus Some of the undivided organ sms are Urg r (1 2-2511 bng) than is com 
monly seen in T horn ns anl m others the fourth flag Uum does not p oject beyond 
the undulating membrane Kessel ( 94 ) behev s it is biol gically distinct from 
r and th t the I tter w Dnot mnttiplyui the same en ironm tastheformer 

D H Wenr ch { ! 7 r f U d Jan 1944 p 39) describes slight m rph logical 
d tTerences Cra g ( 943) says nod Serencesge erally 
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It occurs in the \agina. and in the vaginal secretions when they are 
abnormal Hegner and Cbu (1930) have found an apparently identical 
species in the vagina of monlejs It has also been found m the urine ui 
both men and women and m the former in the prostate 

In the examination of 32 000 prostatic secretions made at the Ma)0 
Clinic, Stabler (1933) found it m 16 cases It has also frequently been 
observed in cases of urethritis and in the bladder The incidence of wfec 
tion in the \ agina may be high Kunsler, at the gynecological clinic at 
Bordeaux found it present in almost every case but not in healthy w omen 
who came to the clinic for accouchement Brumpt (1933) founditinS-io 
per cent of women examined 10 Pans and Hegner found it in 16 cases of 
32 examined 

Gynecologists very generally regard a form of vaginitis as being 
caused by it although there has been no demonstration that it produces 
definite lesions Dobell reported the infection of the vagina of monkevs 
with the parasite obtained from women hut without the production of 
lesions However such an experiment m itself would not be conclusive 
in a new host in which the environmental conditions would not be the 
same 

Whether it may aggravate an already existing inflammatory condition 
of the vaginal tract has not been definitely decided Craig (1940) P‘ 5 *"*® 
out that the fact that it is generally associated with a form of vagiaiti* 
and disappears when the condition is cured is not a proof of its causal 
relationship, since bacteria and spirochaetes might be present and give 
rise to the condition as well as the trichomonas any one of which might 
be removed by treatment 

However, the presence of this organism m the vagina is associated 
with a white frothy secretion which is usually abundant The vulva 
IS generally reddened and chafed and the mucous membrane of the 
vagina and cerv ix congested Often there is a deep red motthng Some 
observers have suggested that the parasite finds a suitable environment 
under these conditions rather than that it is the primary cause of the 
pathological condition However Kessel (1934) has reported that while 
cultures of the trichomonas, with the accompanying bacteria would bring 
about the pathological condition inoculation with the bacteria alone 
would not accomplish this 

Karnaky (1938) believes that the presence of this parasite is asso 
ciated with a lowered acidity of the vagina along with a thinning of tn« 
epithehum and less glycogen in the cells He points out that the norma 
high acidity of the mature human vagina is due to the presence of a nc 
growth of Doderlein s bacilius (probably identical with Bacillus act 
dophlus) The bacteria are nourished by the glycogen in the vagi^ 
epithehal cells and produce considerable amounts of lactic acid He 
believes that trichomonas will not thrive in the normal vagina and tha 
pathological conditions lower the acidity decrease the thickness of the 
epithelium and reduce the store of glycogen (For treatment of this 
affection see p 47 ^ ) 
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Cenus Ckilomaslix AlezeieS (1911) Hus genus was established to include a 
flageUste found in the tadpole lie organisms possess $ anterior flagella 4 large 
cytostome and a posterior fl gellum The cysts are lemon or pear shaped and have 
a single nucleus no reproduction occnmng m the cyst 

Chilamast t mtsn h \\ enyon (1910) is a common flagellate which differs from the 
trichomonas in not having an undulating membrane or an aiostyle It has a tropho 
zoite and cystic stage It is about 6 by 14 (to so) p in size The 3 antenorly pro 
jectiog flagella are long and slender See Plate IV Figs 2^17 There is a long 
prominent sUt hke cytostome within which there is a short fl gellum The postenor 
end IS very much attenuated and tail like. It tooves m a slow deliberate manner with 
slow rotation ol its body Cysts are about 8^ in length ovoid with a small projection 
at the narrower end and contain one nucleus lake T homtnts it occurs in the targe 
intestine especially in the caecum However the ez ct bsb tat ol this flagellate is 
disputed Wenyon found it within the lumen of the glands m the large mtestine and 
many regard the large intestine as its most common habitat Nevertheless some 
authorities have suggested that it hves normally in the small intestine The tropho 
z it sarefounlin fluid or semifluid stoolsand the cysts in formed or lemifonned stools 
The trophozoite reprodu es by longitudinat division with preliminary fission of the 
nucleus No division occurs within the cyst one organism emerging at the time of 
ercystation 

Transmission from m n to man occurs as in T htmims Its disti bution appears 
to be cosmopolitan Apparently it was seen by Davaine m 1894 m Pans in cases of 
cholera It is diSicuIt to indicate its frequency in m n since it has often been eon 
founded with or included in statistics with reference to 7 r< hempnas In the United 
St t s Kofo d Meleney snd Buhop and Leathers in different surveys found about 
3 per cent of those eiammed infected while Scott m Jamaica lound it m 11 74 per 
cent f app rently he lc>y ind viduals 

This 0 ganitcn is very frequently encountered in cases of imoebie dysentery It le 
also commonly found m large numbers m patients suffering from diartboeal conditions 
VVenyon has obset ed it id sections of the large tnlesline and m the intestinal glands 
Tb re is how ver o evidence that it pioduces lesions m man Brunpt points out 
that It IS frequently found when there is ab en<e or insufficiency of aci6ty of the gastne 
j ce 

Cceus GiarJ Kunstlet i8S> The g nus was estabhshed in connection with the 
flagellate Giardia lound in the tadpole The organism is characterized by a bilateral 
symmetrical pear shaped body eontaiouig z oueldL The dorsal surface is convez while 
the ventral surface is flattened and presents a well defined sucking disk Eight flagella 
are present 4 arise from the m ddle of the body a d from the posterior end Cta Jn 
Iambi IS the species mvad ng man 

Synonyms MegasSopta enterico Cnissi 18S1 Lamblta iiUestinalu 
Lambl Blanchard 18S8 

Gtardta lamblia Lambl (1859) is the commonest flagellate of man 
Plate IV Iigs 24-as It h\es in the upper part of the small intestine 
and hence us habits differ considerably from other protozoa that reside 
in the large bowel Its distribution while world wide is more common 
in the tropics Even in temperate climates as m the United States it 
is more common in the south than in the north The parasite is very 
commonly found in the Umted States in children under 10 years of age 

Sides ui V\ ashingtOD found it in 13 per Cent of boys and 8 per cent of girls 

Kofoid in J300 soldiers who Mr ed abroad ins 7 per cent andm 576 men m home 
se ice jj per cent 

Wenyon and 0 Connor m Egypt 4i-t6 percent 

Jepp in Bnti h soldiers m 13 a percent 

htatthews and Smith m conval scent sold en in ifi 4 p c cent 
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Meleney Bishop and Leathers inTenn 14 7 per cent 
Faust and Headlee m dispensary chnic patients in Lousiana r6 6 per cent 
The flagellate is pear shaped about 10 by 15^ m size There is a deep depression 
on the \eiitra! surface at the blunt anterior end which enables the organism to attach 
itself to the summit of an epithelial cell Around the depression are 3 pair of flagella 
which are in constant motion Another pair of flagella project from either side of the 
blunt little tad like projection \\ hen stained they show a pair of chromatin staining 
areas at the anterior end There are aaiostyles but no undulating membrane When 
in motion they have a slow tumbling sort of progression The cysts are oval ShyTW 
and show 1 axostyles and 4 small nuclei Reproduction takes place bv longitudinal 
binary fissure Usually an osoid forms around tbeanterior end of the bodyand eipand 
ing backw ards gradually encloses the tail which is finally retracted withm the cyst «all 
In a recently encysted giardia sometimes both flagella of the extremity may be seen 
moving withm the cyst The parasite develops in the cyst so that eventually 7 sepa 
rate ones and 2 sets of nuclei and accompanying structures he inside To the unitiatrd 
It might resemble a four nucleated cyst Theaccystsmaypersistm the stools for years 
Manson Bahr reports one case in which they persisted continuously for 10 years 
In one species Ilegner (1917) has observed excystation and reports that the division 
of the body of the flagellate occurs after excystatiOR is complete 

As the organism inhabits the small lotestine of nan the trophozoites are most numer 
ous usually in the duodenum The cysts occur more commonly in the lower p rtion 
of the ileum in the large intestine and in formed stools By means of its sueking diih 
It may attach itself to the mucous membrane 

Ilegner ^\enyon Kessel and Ilegner and Cbu have found an apparently identical 
species in monkeys Rats mice guinea pigs rabbits and dogs harbor flagellates belong 
mg to this genus but it is not clear that theyare identical withC lamilia Simonans 
Hegner believe that the organisms found m rats and mice are a distinct species tb ugli 
some have claimed to infect rats mice and kittens with the human parasite Fsust 

(reported by Craig 1937) hat found that (/ fem6f;o is readily transmitted to dogs 
The transmission of d lamMia asinT htmtnu is dependent upon the ingestion 01 
food or drink contaminated by faeces though in this instance it is the cysts that sre 
ingested These cysts sre quite resistant living in potable water for at least 4 
(Brumpt igji) and resisting a o$pet cent chlorinated water for s to 3 days Wenyoo 
and O Connor Braubaud and Root have demonstrated that the cysts of this organso 
may remain alive in the intestine of flies for *4 hours and that food and dnnk may he 
contaminated by fly dropping It has been suggested that possibly animals might 
transmit the infection 

Culhvation — In spite of numerous trials that have been made the successful culti 
vation of this organism has apparently not yet been achieved though the organism wilJ 
live for a considerable time in normal vahne solution in which some multiplication may 
occur 

Emhadomcnas inteshnalts (Wenyon and O Connor 1917) is about 6 m long y 
actively motile and pear shaped Two flagella arise from blepharoplasts on the nuclear 
membrane of the single nucleus which is near the blunt end of the parasite The cysts 
are about 5 m long and pointed at one end . 

Enteromonas homintt (Fonseca 1915) la a minute actively motile pear *hape 
flagellate with the posterior end pouted Three flagella project anteriorly and one 
posteriorly The small cysts resemble fungus spores Both of these species are rare 
and of no clinical significance 

Clinical Manifestations 

There has been much discussion as to whether any of the three most 
common intestinal flagellates Trichomonas hominis Giardia lamhha an 
Chilomashv tnesnth actually play a role in causin^ either diarrhoea or 
dysentery Today the view is generally held that Trichomonas an 
Chilomaslix are more or less harmless commensals which on the occur 
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rence of intestinal disturbances from other causes find in the intestine 
suitable culture media and multiply prodigious!} Their astonishing 
abundance in stools at such times ina> impress on the ob erver their 
importance Hov,ever these flagellates are frequently observed in the 
stools of perfectly well people and appear never to have given many of 
them any trouble \ ariations in the reaction of the gastric juice (anacid 
ity) or of the intestinal contents seem to favor multiplication but just 
what role they may play in intestinal diseases is not entirely clear When 
present in v er> large numbers in association with diarrhoea of unexplained 
ongm It is sometimes difficult to decide whether their presence is due to 
the diarrhoea or whether they actually play a causal role m its production 

In tb« opinion of Dobell tbeie is insufficient evidence for regarding any of the 
intestinal flagellates as patbogenic and be believes that parasites of the ahcnentary 
canal which do cot attack the ti suesol the host a is the case with intestinal flagellates 
are not batmiul He notes that intestinal Ba ellztes are adapted to a life m a liquid 
medium and appear in the stools when (he intestinal contents b come fl 1 d or semi 
fluid In normal stools encysted flagellates alone are found He also points out that 
no method of treatment has yet been disco ered which Hiit remove such an mfr tation 

These organisms obviously thnve when the contents of the intest ne have been 
rendered abnormal as is the case in d flerentfonnsofdi b eaordysentery Whenin 
the case of chronic diarrhoea very large numbers of these actively motile organisms 
a e present and no other cause for the diaiiboea can be d scove ed one oust at least 
consider the possibd ty q{ their unfavorable aciioo on the best Manson Cabr points 
out one cogent point in favor of those who bold that SagtDaies (CA lomast x) can cause 
a diarrhoea ru {<»< is that after appropriate tte tment such as colonic lavage the 
active forms disappear from the faeces wlcn the active symptoms subside and when the 
faeces again become lorcned the cysts of the paras tes appear 

An important point is that the presence of flagellaces in the intestines and stools 1 
mdicativeof faecal contamination of water or food take by the mo th he ce one must 
eoniide; the possibility of other pathogenic organisms both bacteria and protosoa 
having been introduced in this w y tlie presence of G gellates particularly suggests 
Che po s bil ty of infection with A Jamecia and such infection is not infrequently 
found to be coeustent 

In cases of amoebic dysentery the diarrboeal attacks which at times occur are often 
associ tedw lb an abundance of QageUates andithasbeensuggested that thefiagellates 
may be Che cause of or incrcas the diarrhoea 

Ctard a is an inhabitant of Ibe small intestine and its role will be d scussed below 
p 469 T Khetnonas and CA Ivmoittx as noted occur esp ci lly in the large mC s- 
tine and are often abundant m tbr region of the caecum As they occur so commonly 
in association with d arthoeal condili ns tbe term flagellate diarrhoea has come to 
be frequently applied to them Ubile as pointed ut the pathogenicity of the flaget 
lates IS still in d spute conclusi e evidence of tbe production of pathological lesions m 
the intestinal tract has not been piodu ed by r kA mo as Aom nir In fact t ssue 
invasiveness does not appear to be an attribute of the genus Tnchomo 

Wenyon has examined sections of the intestine from 5 fatal cases 
infected with Trtekomonas In one of these tbe flagellates were found in 
the lumen of the glands and actually invaded tbe glandular cells and were 
distributed throughout the connective tissue Kessel claims to have 
infected kittens with this organism and observed superfiaal necrosis of 
the mucous membrane Kessel has also reported its presence in liver 
abscess pus in conjunction with EnJamoeba Instolyltca Pentimalli 
reported Us presence in the blood of one patient However further 
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observations of this nature have not been made and Wenyon has sug 
gested that m his case, the organisms may hav e reached the mterglandular 
connectiv e tissue post mortem 

Trichomonas tugtnafti has been reported sometimes to cause acute 
vaginitis with profuse leucorrhoeal dis^arge Its significance has been 
more fully discussed under the description and occurrence of this organism 
(p 464) No account of histopathologic lesions caused by T ragtnalts 
is known 

One of the most striking examples of tbe pathogecicity of Trichomonas m animals 
IS that of Trichomonas foetus a beifers as reported by blazsaoti (iQOo) the parasite 
being named by Riedmuller (1928) This organism occurs in the ejacula of bulls and 
natural transmission of the parasite occurs from the anfected bull to the heifer Tbe 
vagina is thus infected and later the uterus 1$ invaded and pyometra abortion and tier 
ilily may result The investigations of RiedmuUer (1933) and ttitt (193+) Andrews 
and Miller (1938) seem to have established these facts 

Cauthen Callender and Simmons (1937) have described the infection of sparrows 
and doves viith 7 miitomoRiu cofamhdc In doves tbe lesions were found m the thmst 
crop and region of the oesophagus Tbe earhest lesions observed by Callender and 
Simmons in artihcally infected birds were »bte raised macules i to a mm m diameter 
These coalesced and gradually turned yellowish and developed crater like ulcerations 
From extensive studies they demonstrated that T coJumbae appears to be defimtdy 
pathogenic and that it can injure columnar epithelial cells m suscepuble species by 
contact or possibly by penetration between cell* to the basement membrane 
can make its way along such passages as ducts bronchi etc carrying bacteria which 
either alone or in combination with the Tmiomonos product indsmmation and ttoess 
formation There is no evidence that tbe Trichomonas injures squamus epitheliuo 
primarily and no evidence that the species actually invade tissues 

Hess (1938) in Egypt has reported Ihe inoculation of 6 females with Trichomonas 
fenifaits ions and that a T tafinalis infection resulted in them In one case of oral 
admmistration of massive doses of cultures of T gemla/is ions to an inoperable ease of 
cancer there was reported the appearance of the human intestinal trichomonas m tbe 
blood and mtestine and T vatinaiis to the vagina Further experimental iiives!i 
gallons obviously are necessary before any condusioas can be drawn from this report 

The careful consideration of the subject of the infections in man 
compels one to conclude that there is not definite information from which 
to conclude that these organisms are capable of primarily initiating an) 
pathological lesions In severe human infections with Tnchomonas or 
Chilomasiix in association with diarrhoea in some instances their presence 
seems to give indication of an abnormal condition of the mucous mem 
brane of the intestine Evidence of the production of an abnorraa 
amount of mucus by the hning cells which favors multiplication of the 
parasites in large numbers may sometimes be seen in tbe examination 
of the stools Since there is. no evidence m the human infection that the 
flagellates are able to produce lesions any erosions or ulcerations of the 
mucous membrane which exist are probably due to bacteria or other 
protozoa However a severe infection with flagellates engrafted upon 
such pathologic conditions may act as an irritating agent and perhaps 
cause an additional extension of bacteria m the lesions and tend to main 
tain or aggravate an already existing condition In this it appears prob 
able that the flagellates may play a secondary role 
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Giakdiasis 

Fantham and Porter called atlention to tbis condition by their report 
of 187 cases of intestinal giardiasis (lambliasis) The parasite has also 
been reported both from the gal) bladder and the appendix In giardiasis 
an acute onset has been rarely reported Usually 5-6 stools a day with 
remissions and exacerbations of the diarrhoea have been observed The 
stools were generaUy abundant often with the consistency of thin dough 
of an offensive odor and contaimng a great deal of mucus There has 
been very little colic and no tenesmus as would be expected m the case 
of an orgarusm invading only the small intestine 

In recent jears there has been a decided tendency among clinicians 
to regard lamhha as pathogenic for man and some have even gone so 
far as to refer to giardial or lamblial d>$enter> Also it has been sug 
gested that it might be concerned with and indeed was the cause of some 
cases of cholecystitis 

The parasite has been frequently found m duodenal juice obtained by 
intubation by many clinicians However there appears to be no con 
vincing evidence that \t ts connected with disease of the bahaiy apparatus 

D«Kbi«ns ( 9je) ati<l Gnimpt ( 9)C) bsv« found ibst in the etsr of (be species of 
Gio 4 a nhicb infects mice there is no invasion of Ibe bilury ducts by the oigstusm. 

Fnrue and Jecquot have reported tb*i <k«t4 a can penetrste the intejuonl inucoss 
of man snd b>e is the eubmucoss An allied species bsi been found in cysts of tbe 
bver of the rat end Basile who inoculated these forais into the peritoneum of tbe rat 
produced an infection of the bver and of the mesent nc lynphabc glands DeKhiens 
h d earber reported that be succeeded 10 producing serous diartboea or dysentery m 
young cats by introducing per rectum active stages of C lamiha However there has 
been no recent confirmation of such studies Brumpt points out that when present la 
enormous numbers upon the surface of tbe lotestinal epitbebum the parasites may pre 
ent proper activity and proper function of the cells 

Manson Bahr (1939) has reviewed especially the clinical evidence of 
the pathogenesis of the parasite (x) It is found m its active state m the 
largest numbers when the stools are liquid and diarrhocaic (*) In the 
early stages of infection symptoms of gastro-ententis are present while 
m the chronic stages the stools contain large numbers of the cysts 

Heubner who has reported 173 cases believ es that as a rule the parasite 
multiplies to such an extent in the small intestine that sooner or later it 
must giv p rise to symptoms First it colomzes in the duodenum and may 
lie upon the mucous membrane so closely that disturbance of intestinal 
function is produced 

During the past decade numerous clinicians have also found these 
flagellates in indiv iduals with disturbances of the gall bladder A number 
of these cases have been operated upon However in many of them 
even though tbe parasites have been found in the duodenal juice they 
were not encountered in the gall bladder at the time of the operation 
Thus in ten cases studied by Morenus and Deschems no flagellates could 
be found in any case m the gall bladder howev er in a few cases thev have 
been present 
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SpaDgeoberg (1939) bas reported upon n patieot with symptoms o( cholecystitis 
nho had large numbers of Lambtia in the liquid withdrawn by duodenal tubing The 
gall bladder was removed by operation and the patient made a good recovery Careful 
examination of the contents of the gall bladder and the wall of the serial sections failed 
to reveal any flagellates which however could sCdl be obtained in abundance by tiibage 
of the duodenum It seems evident that the presence of lamblia in fluid withdrawn from 
the duodenum even in cases sullenng from symptoms referiable to the gall bladder is 
not an indication that they occur in this organ 

Bonanno (1939) has observed a senes of 37 cases of Giordta infection fa 6 1^* 

cases including 3 in which galf stones nere nsible cholecystectomy was performed 
In the bile of the gall bladder of 4 twoof whom were cases with calculi flakes of ffluois 
were seen containing large numbers of ttioriio All 6 of these cases had shown abundaol 
flagellates by duodenal tubage Three of the operated cases were followed for a year 
Symptoms of cohe previously presented bad completely disappeared but duodenal 
tubage still revealed Ciardta in two He thinks the flagellates in the bile ducts merely 
act as mechanical obstructions to the flow of bile giving rise to symptoms of biuary 
colic though they may irnlate to some extent the mucosal homg 

Brumpt (1936) bebeves that the parasite often produces an entero-cobtis of wbicn 
it IS the only etiologic agent and that the presence of thousands of the motile or agglut“> 
atmg parasites upon the debris of epithelium m the small intestine m cases of ma™ 
bihous diarrhoea is convincing of their patbogcai role He further points out that it n 
frequent for animals to succumb (as rabbits cals dogs and mice) in the course ® 
experimental infections 

CUmcal Observations —The usual s> roptoms have already been 
referred to 

Veghelji (193S) observed iS5 cases of infection m children between ine 
ages of 2 and 17 Of these 144 were precisely erarnined and the sjtop- 
toms compared with those of healthy children of the same age Thiftj 
two of the infected ga\e evidence of various other diseases and ao gave 
a positive reaction to tuberculosis Ninety two children remaine 
Some of the infested children were svmptomless and some had symptoms 
of no significance but gastro mtestmal complaints anaemia and made 
quate development were present in a hi},h percentage of cases Many 
had cramp like attacks Mucus and blood w ere seen m the faeces m one 
fourth and two thirds complained of irregular bowel movements 
pathologic condition could be revealed by the physical etanunafion 
the 92 infested children only 13 attained or surpassed the average weight 
while 79 were below it All the symptoms could be explained * * 
impeded resorption capacity of the intestinal tract The symptoms dis 
appeared m 29 of 32 children after treatment with acetarsone Regere 
ation of the blood of the anaemic children and rapid development of those 
retarded m weight quickly started after successful treatment In 3 cases 
in which treatment was not successful the symptoms were further aggw 
vated He behev ed that he bad found evidence of mechanical interference 
with absorption particularly of fats from the intestine, by the layer 0 
parasites adherent to its wall and it has been suggested that this mig 
lead to vitamin deficiencies particularly of the fat soluble one 

Manson Bahr has recently made a special study of 26 cases 24 1^ 
men and 2 in women The chief complaint was of initial diarrhoea 0 
lienteric character followed by a more or less chronic condition of mtes 
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tinal disturbance Some flatulence waa almost invariably present In 
general Uie stools of giardiasis number from a to 8 per daj There are 
usually remissions and acute ctaceibations of the diarrhoea sometimes 
VMth passage of considerable bde stained mucus 

Brumpt reports rarely a dysenteric svadrome which mav resemble 
amoebic dysentery but is not ameliorated by emetine In such instances 
there mav be from 30 to *4 nmcus and bloody esacuations per day 
together with cobc and fever Inotherin tances the stools are abundant 
the consistency of thin dough and with an offensive odor and containing 
a great deal of mucu Usually there is very little colic and no tenesmus 
The abdominal pain vanes in inten it> Sometimes there is merely 
dncomlorl In s\il\ other cases the dcyccla ba\e been described as pale 
or bright yellow and more offensive than sprue stool which they mav 
somewhat resemble 

In rg of Manson Bahr s cases the cysts of Ciariia were present in 
large numbers and in 3 of these Enlamotba hislol^ltca cysts were present 
as well In 4 of the cases both free and encysted forms of Ctordta were 
present at the same time Eight of the cases had a previous history of 
amoebic dysentery and s a history of bacillary dysentery while 3 had 
previously suffered from typhoid and two from chrome indigestion He 
examined all cases by means of the sigmoidoscope but there were no 
appearances in the large bowel which could be described as characteristic 

DeMuro (1939) Stockholm from his studies made on 45 cases found 
that the symptoms appeared under 4 different clinical forms but entero 
colitis was the form observed most frequently e^isliDg m 62 per cent of 
the cases The mam feature was the abnorroility of the stooU As a 
rule there was no blood After a long time the general condition became 
improved Many patients presented a more or less profound a th ma 
Chemical tests showed as a rule gasinc hypochlohydna Entero 
hepatobiliary syndrome in which there e\isted duodenitis cholecystitis 
and hepatitis was observed m 14 of the 45 rases 

rFEVrsrevr 

The treatment of flagellate infections of the inlesliae has been >erv 
unsatisfactory and this is emphasized bv tbe large number of drugs that 
have been recommended by different cUmeuns 

DoVU (ouod no method of Irtalmeot be employed would remove such lofestaU n 
Low noted the tendency of giardiisis to recur and thought many cf the reported cases 
of cure were only temporary irseapmeilcesinirealmenl with bismuth aalol thymol 
and eylin were not encouraging Dobell and low in a study in which the meth ds 
were carefully controlled tried a number of drugs to eradicate Cii d u including 
emetm bismuth lod de but their resofta were inconclust e of their value altb ugh good 
results had pres ously been reported iioro the adtouilstration ot ipecac either alone or 
with calomd Dobell and Low also bad 00 lucccas w th methylene blue turpentine 
or beta napthal 

Manson Bahr (i939> in the treatment rd flagellate diaiihoe aayv that while there 
does not appear to be any specific tnatment for these infectioos as auch tbe organism 
may disappear after vigorous la age of the intestinal canal by airople imgauonol two 
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SpaQ^enberg (tQjg) has reponed upon t patjcct tvith symptoras of cbol«ystiiu 
»bo had large numbers of LamMia in the liquid withdrawn by duodenal tubing Tie 
gal] bladder was removed by operation and the patient made a good recovery Cifdul 
etamination of the contents of (be gall bladder and the «a!i of the serial section fsilnl 
to reveal any flagellates which bowevrer could still be obtained m abundance by lutuge 
of the duodenum It seems evident that the presence of lambha in fluid witbdranii from 
the duodenum even in cases suDenng from symptoms refcrrable to tbe gall bladder is 
not an indication that (hey occur in this organ 

Bonanno (igjg) has observed a senes of 47 cases of Ctardia infection In 6 of the 
lases including 4 in which gall stones were visible cholecystectomy was perfaraed. 
In the bi1e of the gall bladder of 4 twoof whom were cases with calculi flakes of mucus 
were seen containing large numbers of CmriAd AH 6 of these cases had shown abundant 
flagellates by duodenal tubjge Three of the operated cases vrefc followed for a year 
Symptoms of colic previously presented had completely disappeared but duodenal 
tubage still revealed Giafdit in two He thinks the flagellates in the bile ducts merely 
act as mechanical obstructions to the flow of bile giving rise to symptoms of biliary 
colic though they may irritate (o some ettent tbe raacosallming 

Brumpt (1536] believes that the parasite often produces an eotero<o!itis of which 
It IS the only etiologic agent and that the presence of thousands 0/ tbe motile or agglutm 
ating parasites upon the debris of epithelium in the small intestine in cases of muco 
bilious diarrhoea is convincing of their pathogenic role Ife further points out that it 0 
frequent for animals to succumb (as rabbits cats tfjgs and mice) in the course ei 
eapenmenlal infections 

Cliflical Observations — The usual s)nipfoms hive already bren 
referred to 

Veghelyi (rgjS) observed 155 cases of infection in children between tw 
ages 0/ 2 and 17 01 these 144 were precisely examined and the syrop* 

toms compared with those of healthy children of the same age Thirty 
two of the infected gave evidence of vanoos other diseases and 20 ga'* 
a positive reaction to tuberculosis Ninety two children rcroainea 
Some of the infested children were symptoraJess and some had sy mpto^* 
of no significance but gastro intestinal complaints anaemia and made 
quate development were present in a high percentage of cases Many 
had cramp hke attacks Mucus and hiood were seen la fhe/aetesm one- 
fourth and two thirds complained of irregular bowel movements ^0 
pathologic condition could Iw revealed by the physical CTamination U 
the 92 infested children only 13 attained or surpassed the average weight 
w-hile 79 were belowi it All the svmptoms could be explained by the 
impeded resorption capacity of (he intestinal tract The sy mptoms dis 
appeared in 20 of 32 children after treatment with acetarsone Regener 
ation of the blood of the anaemic children and rapid development of those 
retarded in weight quickly started after successful treatment In 3 cases 
in which treatment was not successful the svmptoms were further aggrs 
vated He believed that he had found evidence of mechanical interference 
with absorption particularly of fats from the intestine, by the laye^ ^ 
parasites adherent to its wall, and it has been suggested that this migh 
lead to vitamin deficiencies particularly of the fat soluble one 

Manson Bahr has recently made a special study of 26 cases 24 ifl 
men and 2 in women The chief complaint was of initial diarrhoea 0 
lienteric character followed fay a more or less chronic condition of mtes 
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linal disturbance Some flatulence almost insanabl^ p*cvnt In 
genera] the stools of giardiisu Dumber from j to 8 per da) There it 
usually remissions and acute exa«rl»t»ns of the durthoca w"etim 
nith passage of considerable bile stained mucus 

Brumpt reports rarely a dysenteric syndrome ^hich mas tfwc‘*c 
amoebic dysentery but is not ameliorated b) emeUne In s ch lasa ts 
there mav be from jo to 24 mucus and bloody esacualuTj f<r diy 
togetherwithcolicandfeser Inotherinstnces iheitoolsartib aii i 
the consistency ofthindou^b anduntbanoffeftsise o-Jor ard tcrisi-i . 
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Spangenberj* (1939) has reported opon « patient with symptoms 0/ cholecrsutu 
jj numbers of LamMia la the IkjbkI withdrawn by duodenal tubing Tie 
galJ bladder was removed by operatioa and the patient made a good rtcovtiy Catrfjl 
esatnination of the contents of (h? gall bladder and the wall of the lensliecWitlAiJ 

't fiagrSliles which however could still be obtained la abundance by tubsge 

of the duodenum It seems evident that the presence of Jambha in fluid i»)lbdji»B Irca 
the duodenum even in cases suffering from symptoRS reftrrable to the gall bladder a 
not an indication that they occur la this orgaa 

Donanno (1939) has observed a senes of 37 cases of Ciariu infection Inbtdtbt 
lases including j m which gall atones wete visible cLoJecystettoroy was perfetfoed 
In the bile of the jjall bladder of 4 two ofwhom were cases with calculi flikMcfouciis 
were seen containing large numbers of GiarJia All 6 of these cases had shown abuniant 
Oagelktes by duodenal lubage Three of the operated cases were followed for t y«i 
S> mploms of colic previously presented had completely disappeared but duodensl 
tubage still revealed Cwrd.j m two He thinks the flagellates in the bile duels wmi? 
act as mechanieal obstructions to the flow of bile giving rise to symptoms of bilury 
colic though they may Irntstc to some extent the mucosal limog 

Brumpl (1936) believes that the parasite often produces an entero-coluis of 
It IS the only etiologic agent and that the presence of thousands of the motile or sgjlubB 
ating parasit^es upon the debris of tpuhelium »n the smvll intestine in cases of ou» 
bibous diarrhoea is convincing of their pathogenic role He further points out thsl «» 
frequent for animals to succumb (as rabbits cats d>gs and micej in the teusK ol 
experimental infections 


CUiucal ObservaUons — The u$ual sjmptoms hne already been 
referred (0 

Vegheiyi (1938) observed 155 cases of infection in children between lb* 
ages of 2 and 17 Of these 144 vvere precisely etamined and the sjtnp- 
toms compared with those of healthy children of the same age Thirt} 
Ivio of the infected gave evidence of various other diseases and 20 gsve 
a positive reaction to tuberculosis Jsinetv luo children rcmaifiw 
Some of the infested children were symptondess and some had sympfe®* 
of no significance but gastro intestmii complaints anaemia and jnade 
quatc development were present in a high percentage of cases Manv 
had cramp like attacks Mucus and blood were seen in the faeces in one 
fourth and two thirds complained of irregular bowel movements Nn 
pathologic condition could be revealed by the physical examination Of 
the 93 infested children only 13 attained or surpassed the average weight 
while 79 were below it Ail the symptoms could be etplained by the 
impeded resorption capacity of the intestinal tract The symptoms dis 
appeared in 29 of 32 children after treatment with acetarsone Regener 
ation of the blood of the anaemic children and rapid development of those 
retarded m weight quickly started after successful treatment In 3 cases 
in which treatment was not successful the symptoms were further aggra 
vated He believed that he had found evidence o! mechanical interference 
with absorption particularly of fats from the intestine by the layer of 
parasites adherent to its wall and it has been suggested that this might 
lead to vitamin deficiencies particularly of the fat soluble one 

Manson Bahr has recently made a special study of 26 cases 24 m 
men and 2 in women The chief complaiot was of initial diarrhoea 0/ 
lientenc character followed by a more or less chrome condition of intc^ 
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As Giardta inhabits especially the upper portion of the small intestine 
it was suggested formerly that the adnumstration of drugs bj the duodenal 
tube might prove a more effective method of treatment but this has not 
been demonstrated 

During 1939 a number of dinioaiis in Europe and a few in the United 
States have reported especially successful results from the oral adrainis 
tration of alebnn Gab Valerio and Mornson and Swaalm and Heilmann 
are among those who are enthusiastic about its use Morrison and 
Swaalm have repotted the results in 10 carefully studied and treated cases 
in which they gave a dosage of grains (01 gm ) of atebrin 3 times 
dailj orallj forsdajs Afterone week asimilar dose wasagain admin 
istered if necessary They report that atebnn was a completely successful 
parasiticide in 9 of the 10 cases Eradication of the parasite caused 
complete abolition of the symptoms in some cases moderate improvement 
in others and no improvement in certain others They point out that 
m those cases in which the Gtarita 1$ a secondary invader the symptoms 
persut as long as the fundamental cause persists despite the eradication 
of the parasites They found no recurrences of infection in their patients 
up to 2 >eaTS following the use of atebnn 

Treatment of Tnchomonas Vaginitis — Vanous methods of treatment 
have been recommended kainak> (1938) has emplojed (i) capsules 
containing glucose and lactose to stimulate the growth of Dodeileins 
bacillus (2) bone acid to create an immediate acidity (3) an iodine com 
pound to kill the parasite and (4) cornstarch as a base He washes out 
the vagina first with tincture of green soap followed by a bone aad 
douche after which one capsule is inserted once or twice a day for 2 
or 3 weeks He believes a higher percentage may be cured by this 
method than by any other Douches of diluted vinegar have also been 
recommended 

Falls and Hibbert (1908) have reported excellent results from the use 
of streptococcus subacidus vaccine but Karnaky failed to observe any 
benefit from its use in 100 cases Others have recommended douches 
of I per cent picric acid and o 5 per cent lactic acid 

Craig (1940) reports that a treatment which is proving very effiaent 
m eliminating the infection is the insufflation into the v agina of a powder 
containing 12 parts of stovarsol (acetarsone) 2 parts of salicylic acid 
and equal parts of kaobn and sodium bicarbonate to make a total of 
100 parts The powder is blown mto the vagina after thorough cleansing 
of It with tincture of green soap diluted with equal parts of warm water 
treatment to be given twice a week 
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per cent sodium bicarbonate or by any of the other reagents used for colonSc imgation 
m bacillary dysentery as the stiver salts This obviously would not eliminate Giardia 
from the small intestine 


Other cbnicians have recommended the newer arsenical preparations 
Stovarsol or acetarsone (an acetyl derivative of oxyaminophenyl arsenic 
acid) has been reported in doses of 4 grains daily for 5 -io days by several 
observ ers to exert specific action upon Trichomonas tnlesltnalis However 
others have reported failure with both stovarsol and yatren 

In the United States treparsol (meta ammo-para oxyphenylarsenomc 
acid) in doses of o 25 gm 3 times a day for 4 successive days has been 
advised After an interval of 8 days the course of treatment is repeated 
A third course of treatment is given after another interval of 8 days 
Under such a regimen, it has been reported that many of the patients will 
be freed of their Gtardia cysts at the end of the third course of treatment 
Such treatment has given rise to toxic manifestations caused by the arsenic 
m from 2-3 per cent of the cases and in such cases treatment must be 
discontinued immedutely 

Craig (1937) points out that emefin, chimo/on treparsol acetarsone 
and carbarsone are usually of little value m the elimination of this mfec 
tion but they have been reported as being the most useful for treatment 
He emphasizes that there is no known specific that will eliminate the infec 
tion m all cases 

With reference to Ctardtasts Whitungham has tried an intensive form 
of treatment consisting of targe doses of sodium bicarbonate followed by 
calomel magnesium sulphate thymol emetm bismuth iodide and bigb 
lavage without producing any permanent results On the other hand 
Noir and Deschiens believe that carbonate of bismuth is specific if given 
m doses of 30 grams daily in the inormng on an empty stomach for 8 days 
and the course repeated after a 2 day interval Other authors have 
advocated intravenous injections of salvarsan Da Silva (1958) 
reported the successful treatment of 33 cases by injections of full doses 
of neosalvarsan followed by the oral administration of stovarsol or m 
other cases of yatren 

Manson Bahr has adopted the yatren treatment giving yatren pids 
by mouth and yatren retention enemata 2}^ per cent over a period of 
ic^i2 days He says that while the treatment has been followed by 
amelioration of the sy’mptoms there is no evidence to show that the 
parasite was permanently bamshed from the bowel 

Hegner mthestudyof jinftctedxatsandaliuinflacises showed that a catnivorou* 
diet was unfavorable to the existence within the intestine of flagellates of the 

Ofordiaaod Trichomonas DeLangenhasalsoadvocated the exclusion of carbohytva * 

and the substitution of a meat diet for ehmiiutiDg the intestinal infestation with t 
flagellate Manson Bahr (1939) says that he has also successfully alleviated 
symptoms by such dietetic treatment ^ . „„m 

' Brumpt (1937) in experiments on X«»iWw has infected mice and found tnal 9““ 

acrine a i per cent soluUon given orally lor S days was able to bring about a cure m 
80 per cent of the animals to which it was administered 
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doubt upon the question o{ the pathogenic action of amoebae In 18&0 however 
Kartuhs published the results of his mvestigatnns upon over 150 cases of Egyptian 
amoebic dysentery m which amoebae were found in t^ stools of every case while they 
were not found m the dejecta of 30 noimai individuals examined for control purposes 
Kartuhs emphasized the fact that the amoeba was the cause of the tropical dysentery 
studied In 1887 be found this parasite m cases of dysenteric abscess of the liver 
In 8go Osier in Baltimore discovered amoebae in the contents of a liver abscess and 
in the stools of a patient who was suffering with chronic dysentery which he had con 
tracted in Panama Other cases in which amoebae were found m the stools were then 
reported m the United States by Xtusser Stengel and Dock In 1891 Councilman and 
Lafleur published a complete study of fifteen cases of amoebic dysentery They 
descnbed histological peculiarities by which Ih s form of ffux differs from other types 
a d concluded that amoeb c dysentery should be regarded etiologically clinically and 
anatomically as a distinct disease It is to their important monograph that we owe 
much of our present knowledge f the p thol gy of th s disease 

In 1894 I^se nd Pasquale by their eitensive studies m Egypt did much towards 
confirming our bel ef in the existence of amoebic dysentery as a separate disease with 
a pecific etiology and Harris in 899 by bis investigations also added important data 
in the diSerentiat on of the malady in America In 1900 the writer showed that the 
prevailing dysenteries of the Ph 1 pp ne Islands could be divided into 2 distinct forms 
one of which owed its ongi to a variety of amoeba (Amneio dyre t los) andtheotber 
to a species of bacterium {Btetllut 4yuiitert«e) He also differentiated the pathogenic 
iron} the innocuous am ebae of the inlest e by expeninents on cats producing on 
the one hand typ cal amoebic ulcetatmns in these animals with amoebae from dyientene 
eases and on the other showiog that Am eba < li and free living amoebae grown in 
etrsw infusions were inc pable of producing specific ufect on in such animals (see Fig 
ras) 

Leonard Rogers in 1903 increased our knowledge of the d sease ea e separate infeetio 
in In6a where its existence had pre lously been frequently denied and thowed clearly 
ta association in that country with liver abscess 

Schaudinn {1903) confirmed tb idea previously demonstrated by Quincke and 
Roose KruseandP squale({894) andtbewnter tbatapathogenicandnon pathogenic 
amoeba occurred in the hum n intest ne However Sch udinn in addition made 
important loolog cal studies and gave extended morphological descriptions of the 1 
f rms of amoebae found in the hnmao loiestine 

Since this t me many important pubbcatioiis upon the amoebae and their relation 
to d sease in man have appea ed In 9 -14 \edder called attention to the amoeba 
id I proper! es of ipecacuanha and emelu and shortly afterwards Rogers and others 
applied and extend d these results From th sc mvestigat ons it was demonst ated 
th t emet constitutes one of the most specific drags L own 

Am g other impo tant publications relating to amoebae m y be meoLoned those 
of Jurgens (190J-06) M sg ve and Clegg (<904) Prow zek (1904-ti) Hartmann 
( 908) Walker and Sellards (1908- 3) Craig (1905 1937) Wenyon (igiS-17) and 
D bell ( 9 9I 

A number of these p bl cations have se ed t empha ize the different species of 
m b e which occur m the hum n intestine and the r differentiation and the fact 
th t wh 1e some are pathogenic others are barmless commensals of man 

In 918 Cutler eported the cultivation of £ kiAolyl ca and the more s ccessful 
hi at on of th 5 o g nism was demo st atcd by Boeck and Dtbohlav in 934 

Geographical Distnbution and General Prevalence — The disease has 
a wide geographical distnbution It occurs sporadically m most sub 
tropical and temperate countnes but it is much more frequent in tropical 
ones In the tropical and subtropical portions of America Asia and 
Africa and also m the West Indies the Malay Archipelago and the 
Philippine Islands it has usually been the prevailing form of dysentery 



Chapter \ 1 V 
AMOEBIASIS 
AMOiaic Dvsentery 

S3Tionyms — AmoeLic colitis amoebic enteritis endomoebiasis 
entamoebiasis 

Definition — By the term amoebiasis is understood infection with the 
pathogenic amoeba Ettdamoeba Instolylua However, the important 
pathological conditions produced in man by this organism result from 
pnmarj infection of the intestine The organism establishes itself m the 
large intestine penetrating into the tissues of the intestinal wall and often 
causing a characteristic type of chronic ulcerative colitis, associated (in 
some cases) with the clinical symptoms of dysenter> From the intestinal 
lesions, the organisms frequently metastasire through the portal veins 
to the liver causing a hepatitis or abscess or rarely to other tissues (lungs 
brain etc ) 

Four other distinct species of amoebae are known to establish then 
selves m the gastro intestinal tract of man, but it is generally believed 
that they are harmless saprophytes growing in the intestinal contents 
and thej have not been shown to invade the tissues or definitely to cau e 
disease symptoms 

History and Geocraphicai Distribution 

History — Dysentery is a disease of great antiquity, for it is referred 
to in some of the most anaent writings upon medicine However, the 
first step towards the differentiation of a vinety of amoebic origin dates 

from 1859 in whi(.h>earLambl called attention to the presence of amoebae 

in the intestine of a child who died of enteritis Losch, in 1875 m Russia 
also found amoebae in the dejecta during life and in the intestinal lesions 
at autopsy of a case of chrome dysentery He gave a description of the 
parasite which he observed naming it Avtoeba colt and he was able by 
rectal injections of the faeces containing this organism to produce dys 
entery and ulceration of the lower portion of the large intestine of a dog 

Nevertheless in spite of these and other investigations the general 
recognition of a specific infection of the intestine due to amoebae came 
only m comparatively recent times 

Lewis jn 1870 and Cunningham in 1871 while studying cholera in India found 
amoebae m the dejecta of about ao per cent of the cholera patients examined and even 
in the stools of healthy individuals They hence inclined to the belief that these organ 
isms bore no causal relation to intestinal disease Indeed these investigations a 0 
those of Grassi { i 875»-88) Casagrandi and BaibagaUo (1897) and others threw a grave 
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Stales Public Health Service show that it embraced m the neighborhood 
of 1400 reported cases more than 350 in Chicago and 52 deaths How 
ev er ti\ 0 thirds of the cases berame apparent in cities other than Chicago 
infact 206 other localities Nevertheless the origin of the large majority 
was traced to the water supply of two hotels m that city as the probable 
source of infection 

Inlscw Vork City a search was tnadehy OlesenandRosenbluthtotcasesofamoeb c 
dysentery foUoiMng this outbreak and from November t 19JJ to September jO 1934 
II monlbs isi casts were reported Ilonever nearly 40 pec cent of these cases of 
amoebic dysentery could not be credited to infection acquired in Chicago Some of 
these appaiimily otigmated tn New \oik City othets elsewhete in the United Slates 
than Chicago and New York City and the icmaindet in foreign countries 

In connection with the fire that occurred 10 Chicago m 1934 m the Ua on Stock 
Yards some 00 ea es more of amoebic infectwn in fiiemcn who drank water polluted 
by human excreta were discovered by Hardy and hpector 

CerritrtefEnd moe&a Aijlnfil ca have bera widely distnbuted and relat elynumer 
ous in the United Stales According to Craig (1937) of 57 361 persons examined in i6 
different surveys the average number found to be positive for this parasite was 0 2 
percent Craig belie s that approaimately 3 le per cent of the people of the United 
States are infected with £nd4mv k 4 k tutjiua although m some local ties the locid nee 
IS less than a per cent 

EtIOIOCY and EPtoetllOLOCY 

The systematic posiiioa among the protozoa of the amoebae infecting 
man is shown m the table (p la) They are classified m the Sarcodma 
m the sub class Rhtaopoda 

Morph6lo0^The amoebae are an cellular pa s tes which differ considerably 
in appearance in the vegetative or trophnacute atage and in the cystic stage In the 
former the living motile amoebae possess an endosa c and ectosate which can usually 
readily be dutioguisbcd when the organism is in motion The parasite moves by me ns 
of pseudopod a blunt processes consis(U>g of the ectosarc are first protruded and into 
these protrusions the protopla m of the endosarc appears to Sow 

A great many species of amoelae are found kv ng within the bodies of animals of 
all kinds ch fly within the digestive tract and frequently give rue to no disturbance 
It 1 therefore essential to have some knowledge of the classification and n lure of these 
different organisms 

USschin 87sg ve the name f to the species which he found in the human 

ntescme and this 0 ganism came to be placed iis the genus Arne ia (Ebrtnberg) 1833 
In 1879 Leidy established the genus oi EnJamatitt for the p r sit c spenes found in 
the common cockroach and nam d it Endamathat Uailat In 1897 Casagrandi and 
B rbagallo after a atudy of human intestinal amoebae estabb bed the genus of Enl 
m iaforthes organisms and named the peciea they encountered £ I m ia kamints 
Quincke and Roos Rtuse and Fasquale Celb and Fiocca and the writer all recognized 
i om morphological differences from cbmcal observat ons and especially from expen 
ments upon nimaU that more than one species of entozoic amoeba occu red m man 
and these species were described uodet a vatMty of names Only from a zoSlogical 
standpo nt Che e\ deuce <jl Che plural Cy at species was nac eaCuely complete 

Schaud nn in 1903 suppl ed zoological deser pti ns of th se x species of am be 
which he desenb d in detail One of the e occuiiisg comm nly as a h tmless inhabi 
tant of the latest ne and not as a parasit he named Enlamoeba celt and the second 
species a parasitic one he designated as EhI wia ha k iMyl ca as the name suggested 
the abibty to dissolve tissues Thissec ndapeaeswas regard d as the cause of amoebic 
dysentery a d am be liver abscess In dopting the terminology of Eatame ba call 
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The disease is also not uncommon m Italy and other parts of southern 
Europe In the United States amoebic dysentery is an important disease 
m the southern states but it is not rare in the northern ones The prac 
titioner should be on the lookout for cases of the disease m temperate 
climates generally not only on a«.count of the fact that foreign travel in 
the tropics has become more common and that carriers of the disease 
are more frequent but because cases of amoebic dysentery have occurred 
m the northern United States and m Great Britain, France and other 
portions of northern Europe in individuals ivho have not been outside of 
these localities 

Statistical data regarding the incidence o( amoebic infection among dideient races 
and in different parts of the world increased materially as a result of the World War 
For instance of jr ooo British troops returning to England from the Neat East tke 
majority of whom had had dysentery or other intestinal disturbances 9 8 per cent 
were found infected with Entametba Autofvticn Of nearly j 000 troops and civilians 
without any history of bow el trouble etamined m the eastern hfediterranean area or 
invalided from that region 10 s per cent were found infected In 5 000 persons with 
a record of intestinal disorders eeammed m France and England and consUtutmg mostly 
troopsfrom the western front 8 ^percent were found infected while my 761 individual! 
without bowel troubles j 8 per cent were infected hofoid found 108 per cent of 
I soo American soldiers returning from France infected with amoebae This bnet 
summary will give some idea of (be spread of sourees of amoebic infection due to the 
war Of the approximately jo 000 persons examined both in western Europe and the 
Near East both healthy and dysenteric 13 *5 per cent were infected with EndatnoeM 
ktslelytica 

Sapero and Johnson {X939) J**'* made an important study 0/ the men 
of the U S Nav y with reference to their infection with amoebiasis They 
point out that some 10 000 men are stationed m parts of the world where 
amoebic dysentery is highly endemic so that the chances of acquiring 
infection would appear to be considerable The majority of the men were 
examined in Panama but as a control naval recruits were examined m 

Norfolk Va U S A It was found that recruits from the southern states 

gave a higher infection rate with E htslolylua (*4 7) than in the northern 
states (7 8 per cent) 

From these examinations it seemed clear that many of the infections found la men 
who had served for some time in the Navy bad been acquired before the commencement 
of naval service For tie examination of the men who had been slationed w Panama 
and repeatedly exposed to infections on shore revealed an incidence of infection of 9 5 
per cent which is slightly lower than the 11 per cent found among the recruits V 
in spite of the exposure in Panama probably no new infections of moment had occurred 

An examination ot a submanne group at o showed that there had been no spread 
of infection during the close contact of infected and uninfected individuals wiicfl « 
inevitable in this type of ship 

A different result was obtained with men who had returned from duty m retuiB 
Shanghai and the Philippine Islands Here an E itslolyltca rate of 26 i per cent was 
obtained an indication that fresh infections had been acquired in Asia 

The importance of the disease m the northern United States was 
especially emphasized by the outbreak which occurred in Chicago m i 933 
m connection with the Century of Progress Exposition A commtt« 
appointed to study this outbreak and subsequent reports of the United 
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Some of the organisms leave the tissues sad (if not too qu ekly expelled) undergo 
cncystment m the intestinal content 4t this stage the organisms cease to ingest red 
cells or tissue fr gments They undergo two successive divisions forming small pre 
cystic formsonehalf to one third the diameter of the trophozoites (at one time te med 
E mw la ) These never cent n indnsioiis but show glycogen when stained with 
lodme They are sluggishly motile and othemise resemble trophozoites They soon 
roundup nd secrete a wall around themselves to forma cyst Thes gle nucleus then 
undergoes 2 successive divisions resulting in Che production in the m ture cyst of 4 
small nuclei (rarely 8) about 2^ 10 diameter but identical in structure with those of 
thetropho 0 tes The nuclei are difficult to see in fresh preparations but are easily seen 
f a bttle Lu ol a solution is added They lend to be scattered at different poles of the 
cyst The cysts are usually lo to in diameter They may vary from 5 to ion in 
d fferent stra ns although the cysts of a given str m ate fairly uniform m size In the 
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whil m nng (P oni D fl o ft r H rtra nn ) 


cytoplasm of the cysts there is often one or more chromidial bodies coar e globular 
0 Cl ar shaped hi hly retractile greenish struetureawbcb do not stain with iodine but 
stain deeply liVe chiomatm to fi. ed films In the younger cysts there may be also one 
or more Effuse glycogen masses which St n deeply with iodine They disappear as the 
cyst mstu es Cysts are found only m solid or seeais lid faeces not in the dysenteric 
stools They are nevee formed in the tissues or m the It er abscesses 

In films stained with iron haematOTylio the details of the nuclear structure can be 
made out This is the deci 1 e point in differentiating the venous species In both 
the trophozoites and the cysts there is a narrow beaded penpheral nog of ch omatm 
and a minute central dot (karyosome) without any g a ules m the loler ening space 
(See Table nd Plate IV F gs -ii for compuison with other spec es ) 

The Non pathogenic Amoebae 

Endamoeba coU (Grass 1879) is one of the I cge amoeba occutrmg 1 man (20 to 
50 m) The endoplasm is gianula vacuolated and shows no clearly defined hy line 
ctosarc It may contain food acuoles b ctena and starch granules but ch racter 
St cally na red c lli The nucleus u more sharply outlined th n in £ h $l lylica s 
visibl in f esh preparat o s and co tains more chrumat n The pseudopods which 
are greyish and lobose are projected sluggishly and the organism usually shows Uttle 
or no progressive motdity although m wa m salt soluti n it may do so The cysts ate 
somewhat larger th n those of £ 8 t lyt ea and when mature contain 8 small nuci 1 
These ate mote ea dy seen a d tend to be aggregat d 10 the center 0! the cyst Cbrom 
to d bodies are usually absent or m the fo m of fine splinters or threads larger 
chromatoids ha e splinte ed ends u contrast to the smooth blunt ends of those of £ 
k si l}l ca The organ smis fairly common heuig reported m 1; percent to 2; percent 
of sever I groups of sold ers taarmned 
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and Entamoeba hislolyttea for the humait entozoa Sehaudinn aamtaioed that the 
description of LSscb n as incomplete and that the gejivs EnJamoeia esUbhshsd by Cm 
grandi and Barbagallo according to the law of priority must be accepted As the 
species Entamoeba hominis was however probably identical with that otLdsch (Amoelc 
coif) it should be correctly designated as Entamoeba coll He distinguished the i 
species by structural characteristics and showed that with Entamoeba coh encystwent 
takes place with the formation of S nitclei from which infection occurs In Enlamotba 
Instolitico on the other hand reprodnction occurred by binary fission or asexually by 
peripheral budding in which small ag^regatioiis of chromatin reached the penphery of 
the cytoplasm and enclosed in a resistant capsule broke oil from the parent amoeba 
and constituted the infecting stage Subsequent investigation threw doubt upon the 
life cycle of this species as described by Sehaudinn and demonstrated his descriptions 
to be in many respects incorrect 

In 1907 \ lereck described a species of amoeba occurnng in * cases of dysentery in 
India which he named Entamoeba I iratena This species was shortly aften^ards 
described by Hartmann in 11 cases of dysentery from Africa and was subsequently 
found to have a wide geographical distribution both in tropical and temperate dimites 
It undoubtedly appeared to be the usual species encountered in cases of human amoebic 
dysentery The sporocysts developed only 4 nuclei instead of 8 as la Enlamoetii eth 

Subsequent investigations however by Hartmann Craig Whitmore 
Darling Wenyon Walker and others finally led to the abandonment of 
certain of Sehaudinn s erroneous descnplions regarding Entamoeba his 
tolyttca and to the determination that Entamoeba letra^ena and Enla 
moeba histolytica are identical These investigations appeared again to 
limit the human intestinal amoeba to 2 species Entamoeba histolytica 
commonly with 4 nucleated cysts and Entamoeba coh usuaU> i^ith 8 
nuclear cysts However subsequently three other distinct species of 
amoeba ha\ e been found in man The 5 species ma> be differentiated 
by the following characteristics 

Tiir HuiiAN Species of Amoeba 

Endamoeba histolytica {Entamoeba hisMytua) as it occurs m the tissues and m the 
faeces in acute dysentery is usually to-joiu in diameter Tiefoims however varyw 
size m different races or strains UnsUioed it has a homogenous greyish translucent 
finely granular endosatc and a clear hyaline highly refractile ectosarc which is best 
seen in the pseudopods The single delicate vesicular nucleus is barely distinguishable 
or usually quite invisible The organism is actively phagocytic and unlike the 
phytic amoebae frequently contains red cells and occasionally tissue fragments but 
never bacteria or food particles or (except old or degenerated organisms) vacuoles 
In a perfectly fresh preparation on a warm stage it shoos active motility moving rapidly 
across the field usually m a definite direction in a manner which Dobell and 0 Connor 
have compared to that of a slug travelluig at express speed The protoplasm appears 
to flow across the field without much preliminary extrusion of pseudopoda The otner 
amoebae as a rule are much more sluggish and do not show such directional movemen 

E coll however mayshowsiiniJarinotility Tins activity subsides afters few minutes 

but for some time the organism continues at intervals to throw out abruptly large blunt 
blade Uke pseudopodia of clear hyaline ectoplasm They are very susceptible to chJung 
or overheating They quickly round np then and die and can no longer be identine 
with certainty The organisms m this free living stage are known as tropbo oiles or 
less appropriately as vegetative forms They are found often in large numbers m 
the dysenteric stools especially in the blood tinged mucus m scrapings from ^ 

of the ulcers (obtamed by proctoscope) m the tissues around the ulcers in the walls 0 

the liver abscesses and (inconstantly) m the pus or discharge from these abscesses 
They multiply m the tissues by fission 
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PiAti: IV 

Character! tic Foras of the Intestioal Anwebae and of the Three Comaon 
Intestinal FUgeBates 

(Frosi wet &xed Uecal <Rie*n stained mth irofl hemat xylin on file at th V ^ 
Nava) Wedicai S hoot X J500} 

Fig > EnJam tha 4 tIeiiM huge race (mm a case ct acute amcebi dysentery 
Note ih large »« of tbia trophoaoile (Oo y u *n-crons) and tbe ingested red blood 
cells some of whicli have been partially digested 

Figs i-a £ 4 slol\l rj Urg race from a aon-dvseDterie case size »bout z 
microns in diamete Fig i a troptsozaile note the smooth endsp’asm without 
inclusions and the small Icaryosome <« the nucleus Ftg j an immature unm ideate 
cyst note the Urge amount of cbromatoid putter and the Urge glycogen vacuole 
Fi 4 an immature bmucleatr cyst note the fus ng «( C)ie cbromatoid nutter into 
tods Fig 5 amatureijaadnoucteatecy'tauhtwocharacteriseiCFod'shapedcIiroma 
toid bodies Tbeglyiogen has been absorbel Fig 0 a na ure cyst nithoitch ama 
toid bod es Note portion of nuclei pitRd and peripheral 

fig ;-it £ kisielilee sruR race sue abwt g uu rons Fig atcophoioite 
note close resemUan e to the Urge r«c traphoe te(Fig t) Figs B aod 0 ire Iibou 
( ureardFigs leaedit maturecysts S te abuodaete of chroaatoid b^ies 
figs ta-id £ndsmo<ha / ftg re a tr^dioeoite compare with the tropho 
aeites of £ h talyiita end ante vacuolated endoplasm with baciena and food inclus one 
tb clumping of nuclear chromatm and the Urge haryoMme fig >4 aa immature 
buiucleate cyst ompare with the immatur cysta «> S ktsio y/ c» (figs 3 and 4} aad 
note the diametral position of the nuclei crewdel again t the cyst wall by the d» 
tinttively shaped glycogen mass and the scanty granular chromatotd matter Fg 14 
a mature e gbt nucleate cyst with typ cal splint red cbromatoid bo6ei and nuclei 
bunched cestnlly Fig 1$ another mature cyst ahowicg also the equa ly character 
(Stic filamentous cbromatoid matt t fig 16 a mature cyst without cbromatoid 
bod es note agam (he ceo(ra! iocat n ot the nuclei 

figs 17-18 ElUldimatKaj Fig j; a tropboioite note the large taryosooit 
and the absence 0/ cheematin granules on the nu leat m cabraee the esdopUsm is 
aciioUted as iR £ 0 Fig iS a nature (our nucleate cyst nuclei have the same 
structure as ui (lie tcopbosoite but the Latyoson-ts are small 

F gs 19-1 Majno&a hut Uti Fig ig a troph aoite note the clo e rcsem 
blance of its nude is P» (he sac tas ol the £ hoiw trophoaoite Fig jo a cyst witli 
disiio (tve biurre shape and Fig si a roiitded cyst Both show ch cbaractcri lie 
Ducieus the glycog u vacuole ard griupt of granules n the “y toptasm 

Figs rs-sy D tniam./iia f a[ li aunt and bioucl ale irophoaoit^ (n cy ts ol 
this species haie been found’ the nu Uus has a disUn live karyosome coos stiag of 
granules variously arranged 

figs a4'*5 Ctatiia lamil a Fig la » trophoaoile (fiagellale form) Fig 5 a 
cyst Bath have readily re ogniied morpfohigtf-al features The Irophoaoite is rarely 
seen in the faeces 

Fgs b-j? CA tf/e Ux oienits Fig td a trophosoite (Sagellite form) and 
Fig 7 a cy t Note the spiral groove tV nacleus and dapelii in the former and the 
nucleus and variously curved fibrils in ibebster 

T g rS T ! homamss kom nr \ boplia4»]te no cysts have been f und The 
wavyl ne u the left ladKaUs the undtdatogeiemhtiaewh chisthc mostchamte istit 
structure of this fiageOate 
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Key to Genera and Species o» Amoebae (Dobell and O Connor) 

( ) One nucleus present m Active amoeba p 

(M Two nuclei present Genus Dienlamoeba 6 

(а) Nucleus «itli small spheneal karyosoine and penpheral layer of fine chromatin 

beads Ge us Endamoeia 3 

(б) Nucleus with large irregular econtnc karyosome and no peripheral chromatin 

granules Genus Ertdol tnctx 4 

(c) Nucleus with Urge central spbcncal kaiyosome surrounded by a la)rer of achro 
maUc granules Genus / damucba 5 

3 ( ) Ripe cyst 4 nuclei glycogen diffuse latE^e cliromatoids generally present 

E hi I lyt ca 

(i) Ripe cyst 8 nuclei glycogen in eariy stages only 1 rge chromatoids occasion 
ally present but often absent £ cal» 

4 Ripe cyst 4 nuclei glycogen tartly present chromatoids absent E nana 

5 Ripe cysts 1 nucleus glycogen in dense mass no chromatoids I hulschl t 

6 Nuclei w th central granular karyosomes and no penpher 1 chromatin (Cysts 

unknown) ® fraiilis 


Coraozoic Amoebae 

Id addition to these a number of other doubtful or rarel> encountered 
species of intestinal amoebae have been described as well as a number 
of defimte species under other names but which are real!) identical with 
the species already refereed 10 Also a number of free living non parasitic 
species have been cultivated on artificial media from human faeces which 
have either been ingested and passed through the digestive tract in this 
encysted condition or which have been deposited in the stooU after they 
have been passed and have emerged from their cysts in the cultures 

Thus t\<lls found that lu India amoebae of at least 2 types were commonly present 
m the air and sometim s found tbetr nay into the si ols even when the latter had been 
ca efuUy coll cted These amoebae for tbe id st part ate of the lines type and while 
they have been frequently confused with tbe humaD Endimotba they can be distin 
guished from them at least usually by cert m differences m the kfe cycle such as the 
type of utogamy ot by th presence of a cootr ct te vacuole In ipis Chatton and 
Lalung Bonnaire created tbe genus VabUcamfia which includes practically all amoeb e 
cultivable upon n agar med um and so isolated Several other species of amoebae 
b ve been reported as pathogenic for man especially by Ko! d and Sne y Faust and 
Biumpt Brumpt naming his species Enia tia dispa These are now regarded gen 
erally as race of End^matba hjitsdyU a 

Nomenclature — Cra g who bas carefully studied since ipoj the par sitic amoebae 
of m n a d their class fication emphasizes that tbe ge neterenofA lamorfto or ginally 
given by Casagrandi and Barb gsUo ( 893) to an amoeba found in the intestine of man 
should be cb g d to End lofbo established p eviously by Leidy ui (878 to include 
the pa as tic amoeba of the cockroach BloUa er« t ( i Ilowe er some European 
author t es still reta n the name Enlom b» and ma ntain th t Endamo ba blatlae is 
not CO genenc with Enlam b hi Irfyl co and E Wmoebo t J Howe er as this h s 
not been demonstrated beyond question a d as tbe I tcrnation I Commiss n on 
Zoological Nome clatu e has ruled that the name End oeba is th proper generic one 
Craig bel eves that it should be used in preference to E lamofi This explanation of 
nomencl tu e seems necessa y n acco nt of tbe confusion m the spelling of the gen ric 
n me in different te t books nd art cles on the subject of amoebiasis 

Culbvation — The freebving amoebae wer grown n earher years upon a great 
r ety of media in association w th bacteria Tbe ra d a most suttessfuUy employed 
were those which did not offer conditions so favorable for the growth of bacten that 
th y would entirely ov rgrow the protoaoa Mu^ave and Clegg employed for tbs 
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DISEASES DUE TO PROTOZOA 


EndoUmai nan a (\\ enyon and O Coonor 1917) is the commonest of these amoebae 
being reported by Refold in s8 percenlandbyDobellin per cent of soldiers eramined 
by them Faust (1936) in New Orleans found 19 3 per cent of the white race infected, 
and Meleney in Tennessee 119 per cent of the population infected It is small 
usually (b to and contains a sin^e small (*^) nucleus in which the chiomsUn is 
largely clustered in a single coarse irregularly shaped karyosome the hmar type 
of nucleus In fresh preparations it is sluggishly amoeboid and may contain food 
vacuoles The cysts are the same insiae andoint^n 4 minute nuclei but no chromatoid 
bodies or glycogen masses They resemble the small strains of E htstolyhca cysts 
except in the character of the nuclei 


lodamoeba bUtschlu (Provaiek 1912) (I wiUiaiusi) measures 8-20/1 resembling 
small forms of L coU in its sluggish motility and granular cytoplasm which contains 
food particles The single smalt nucleus has the chromatin largely concentrated in a 
central karyosome In films stained with iron haematozylin they resemble £ nana 
The trophozoites ate much rarer than the cysts The cysts iodine cysts i-taii m 
diameter are oval or irregular and contain a single small nucleus a large compact 
mass of glycogen but no chromatoid bodies Although it is believed to be harmless 
and not to invade the tissues it is highly susceptible to emetine treatment unlike 
£ coU and £ nana Although its distnbution is extensive it is relatively rare m many 
localities hlanson Bahi states that it is found in about 5 pet cent of faeces most 
commonly in those who have been in the tropics and not infrequently m aisocutioo 
with £ kiaMylua Hegner and Taluferro however report an incidence of :o per 
cent to 15 pec cent In the diSereot surveys made in the southern United States it 
has been found in from 0 35 to $ P<e cent of those examined However Refold and 
James found at per cent infected of 367 individuals examined in Colombia South 
America It occurs in monkeys and is common in hogs 

Dieotamoeba fcagUis (Jepps and Dobell 191$) is a relatively small acnoeha 4 
m diameter Often it does not progress and its motihty consuls of the eitniswn and 
withdrawal of clear fingers of ectoplasm There are two nuclei present in iMSt 
instances but as many as 40 per cent tmve been observed with but one nucleus ne 
arrangement of the nuclear ebromatm may be characteristic and diagnostic The 
chromatin is often arranged in a mg of granules 4 5 or 6 m number about midway 
between the central point of the nucleus and the extremely fine nuclear membrane 
Occasionally a very fine dot C4n be made out in tbe center of the nucleus which may be a 
karyosome hen stained with iron haematozvlin if the process of differentiation has 
not been earned sufficiently far the nucleus may aj^ar to have a large solid karyosome 
These amoebae are often difficult to fix and staio properly Bourn s fixative has been 
recommended as giving better results than Schaudinn a fixative Cysts are not de® 
nitely known Although this amoeba is wide spread it has been considered rare 

However Wennchetal (ig35)reportedfipdinythi parasitein43percentofioDoca5es 

University of Pennsvlvania students Sapero and Johnson in the examination c 
129 naval recruits in the southern states for intestinal parasites found 63 6 per een 
infected with speaes of amoebae of which 17 i per cent were infected with £ 

This reveals the prevalence of this organism ui some localities Cases have be 
observed by Gupta in Calcutta (1936) and Ilakans^n (1936) m j o- ], *0 

organism often disintegrates rather rapidly ui the faeces and is relatively difficult 

stain it is doubtless often overlooked It has been regarded as non pathogenic 

few cases have been observed in which it appeared to be the cause of a dysentery a 
further study of its pathogenicity is needed Wenrich (1936) has ated several cas^^ 
with serious gastro intestinal disturbances Rakansson s case was that of a physic 
who suffered from acute cohlic irritation and diarrhoea of 14 days duration ^ 
symptoms became severe on 3 occasions He regarded the parasite as perhaps respo 
sible for the symptoms ,j, 

Endamotba gmgnaUs is a (pfobably) harmless saprophyte livmg m ‘O® “ 
especially in pyorrhoeal pock ts It is a sluggishly motile organism 10 to aSf* “ 
eter with sharply differentiated ectoplasm and endoplasm which contains 
sions (food particles etc) The nucleus is amaU (a S-Sf) vesicular with a 
nuclear membrane and a deeply stainiog karyosome Cysts are probably not f r 
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coBlamiagc/suof d^eotene stoo*) “P w ®'"r^y"’2 ^Utiou «nd wco 

bawd 14 to 4* hours Thesedimwiii rt»Kaaed»vnwcopic«lIyfot#moebae Growth 
liiafiieocrdbythecoauwiaalmgbantm soswUsonag oth rsWnd ag to whibit !► 
By subcu'tunn" »i » to 4 day r*iWtv»ls stniDS have beta raaiatijied for long ptriods 
and T uia tbrir inf ciivwy for kiUtra kmI moaktys Under fas^rabl eorditiors 
encystment (and eacystati n) occurs 

Snjder and Melene) i>4ve obtained escystau:>n o[ bacteria 

free srvsts of £ *Mfofj/i<r<J 10 a medium contammg onJy inoiganc salts 
(modified Lockes solution) but coolutued cultivation without bactena 
was not obtained 

Patbcgene is st T&te boal Amoebae -The ptesence of amoebae in the deiecta of 
heatthv individual has tong been teciognuedkiid has pttuously in lined many authors 
to belie * that all amoebit are »tthoul«ol£>gir»lor pathotogiratsigaiBca^ e Schu 
berg in 1893 {ouadansaebaeintbesloolsof iooa< f tohealthypenonstowhomadose 
of Carlsbad sa'ts had been gven Fme and TisitJalc when perfeclly hesltiy 
obser ed amoebae iii the roan faeces and in those of 3& prisons ei her healthy or suffer 
mg with disessev other than dt entery Upon some of the e who succumbed ftesb 
autopsies were p'tiottn d ard them estw c«ttJull> mram 1 and 'ouod to be normal 
In 1S99 Musgravt a d the wr*et found ibat « per tentof the patienliewmioed in the 
Phil ppieea who had tio dywfttery or b tot> ot the di«aie harbored amoebae li 
\Janiia aabig^As ?6pt cent of thehealtoy Americana Jditrs«e e foaadby Ashburn 
and Craig to harbor ^ndamv(^J e h Promiufrequent occurrence in healthy indmduala 
fur very long periods of time without srmplo’ns of diarrhoea and d)>eBW*y and f om 
the negative Ksulttofata oed from it in animal espenments £ndam eiaceh haagenerally 
eoire to be regarded as a hsrmle s commensat of nan Later the tendency became 

f evalent to classify aU amoebae found in tb ito Is and 1 tes ines of apparefttlv 
atlhv vwdivviuaU as Amachs col Thu led in tun to conuUcaf le onfusun until 
tuasr ognjed that there arepenadsin tbecoureeof amoebic dysenterv andpartien 
lari) ir the eatuer stages in which yniptoois art eciirelv lacking Uenc* vu n 
Efidtmt 6a hsietiii « is f Jand 10 if e stools of healtny ind vidual we i^rnotsav that 
thev are not aiSer ag with an earlv or latent form of Uie d sea e or tnat the naiad) 
does rot eei t in the uitjhaiion period urtn we folio* then over long periods of time 
inwhvhnodis'aved velupa fnother asesofiafecuoowitklbisamotba theinf ctioR 
may be of so m lachara ter a topi du epraUicaly no syrnptoou unless the resistance 
of the patient is lowered by other Miercurreot disease It is ti t Mceasarv to suppose 
in these us that lesio sof the intes'i'i are afi ays present aIthout,)i in tome lesions 
may e st wh ch we cannot alwass be aware c( don % life 

In this connection it is of interest to note that flegoer Uoje has sbowo that in the 
stud) o 1 r monk )s who were artKis of £ A Myltea asd which were suhst 
qu ntl) kill d no lesi ns whsteser were I und in the intestine either macro copicatlv 
or mictoKopi ally A sotrewhat similar obser atwn was also mede by Dobell and 
Ihers 

Johivionf 0411 who studied II nonkeyaf? AMferaad 4 dfe oca ) oatnra ly infected 
With tnrfam da Mil (yi ca found (he larg gut too negative for lesions o' the i~te tine 
by msctos^opic etiiBina'ian but u Ike p-tcroscoptcul ecatatnaluti of the tissues y of 
the 19 show d super ciil lesons Th te tom were so small that 10 most ms aices 
i‘e\ wet only d scovered when the oil nmrers on lenre was used m eiammmg the 
stained secti s Jt « unjeasonab'e to < that the same condition mar not 
son-et mts occur in humia h inp and that jl autopies we e performed on many 
human Wnga wl o had haiboied cysts bl amoiib during ble there might be a b gh 
per ntage wiib no intestinal leswes 

Since tie abo e \i$ vrnUen Fans (twi) his reported autop les on joa cases in 
wh ch sudden accifeout death ocoined and 10 «hKk thepatientifiad nit been observed 
during life Only cases were se’ected us »ki h the aul psy was performed witbiB 4 
hours after death Evidence of infect on ir tb £ i tcfvn a was discovered in ij 01 
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purpose Bgar agar ao grams sodium cUond and eitract of beef each 0 3 to o 5 gram 
prepared as ordinary bacterial agar and nilh a final reaction of i per cent alLaline to 
phenolphthalein Schuckman (ipao) his cultivated tree Lving amoebae on an agar 
media (jo parts of agar 100 parts bouillon and 900 parts distilled water) the amoebae 
being nounshed by bactena kiUcd by chloroform vapor However it has not been 
possible to cultivate species of Eniamoeha upon such media The cultivation of £ 
hisleliUca upon artificial media was probably first accomplished by Culter (191S) 
In that year he reported the successful cultivation of EtuJamoeba hstolytica on an egg 
medium to which was added a few drops of blood 

However Dobell was not able to confirm cultivation Upon this medium In 1924 
as Doeck and Dtbohlav demonstrated for the first time in a convincing way the success- 
ful cultivation of this organism They employed a Locke-egg medium prepared as 
follows 

Four eggs are washed brushed with alcohol and broken mto a sterile Sask contaioing 
glass beads Fifty cc of Locke s physiological solution are added and the nurture 
broken up by shaking Test tubes arc then filled with a Sullicient quantity to produce 
slants from about i to inches upon coagulation by heat These tubes are now 
slanted in an inspissator and heated (70 C ) until the egg mixture has solidified They 
are then transferred to the autoclave and stenlised for 30 minutes at 15 pounds pressure 

The tubes are now covered to a depth of i cm above the egg slant with a mixture 
composed of 8 parts of sterile Lockes solution and one paHohtenle maetivs ted human 
blood serum They are then incubated to determine sterility 


Lockes Solvtion 

Distilled water 
NaCl 
CaCli 
KCl 

KallCOi 

Glucose 


1000 00 ce 
9 0 Gm 
0 3 Gm 
0 4 Tm 
0 2 Gm 
2 s Cm 


(2) Locke egg ofiu>nin or LEA mediumwbichispreparedby covering the egg slants 
with Lockes solution contairung 1 per cent of crystallized egg albumin It has the 
advantage over the L E S medium ol being more readily prepared since the albumin 11 
usually more available than human serum 

The best growth of amoebae occurs between 7 2 and 7 8 which is usually the fH 
of the L E S andLEA media Adjustment however may be required 


With cultures of E bystolytKa, on their medium BoecL and Drbohlav 
successfuUv inoculated cats and produced dysenteric lesions in the intes 
tme Cleveland and Collier found that they vvere not able to obtain a 
really satisfactory cultivation of E ktslolylica until they employed slants 
of liver infusion agar 


Cleveland and Collier s Medium (1930) —ft) Liver infuvion agar (Difco dehydrated) 
ja Gm (3) Disodium phosphate 3 Cm (j) Distilled water 1000 cc Autoclave and 
slant Cover the slants with a i in 6 dilution of sterile fresh horse serum in PjJ' *'’, 
logical salt solution and add a 5 mm loop of sterile nee flour or powdered unpoLshe 
rice In making subcultures remove a or 3 drops of the nee flour debris from the bottom 
with a sterile wide mouth glass pipette These authors reported obtaining £ tsslcly 
lica in nearly every case despite bacterial contamination 

Gladys Craig (1939) has found that the addition to Cleveland s medium of Ditco 
tryptone and Difco jeast extract accelerate the growth of amoebae 

At the National In titute of Health favorable results have been obtained wit 
Boecks ecE slant overlaid with Ringer s or Locke s solution to which is added 250 mg 
of dehydrated Lbffler s blood serum per liter A loop full of faeces (either solid faeces 
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these lesions Hot ever he has fouotl no cvtdesce that the ssaoebae product » sptnal 
toxin or toxins that cause tie symptoms 

Brun-pt hasrcpor ed that inoculation neat «jti the cysts a{ Eyidamoebaen lisi 
E du/'ae in assocut on fron a human ease resu) ed in the fomatioo of sma 1 latestioal 
uketitionscootivBiogtieatraehae ’]%esefind.neae‘^S<a tdlhat£ cirfi under certain 
coed- onsmig’-t become pathogenic tor man uace in his hands £ if ifordoesnotgiit 
rise to ntestina’ u!<.eratio„s m eats Hwevtr others have thought that £ linfar is 
a strain of £ ^ lolyltca 

We know httle \et «s to wh-ther the pathogenesis of some speaes of 
amoebae under certain conditions may be increased bj long periods of 
existence m the human intestine 

Whether or not E ktstolytua will produce intestinal lesions in an 
indnidual is probabl> dependent to some extent upon the cnviroiim''itt 
vihicb. the protosoa fird in the intestine Ihe hydrogen ion concentTation 
of the intestinal contents and b3Ct<*nat fljra the previous eeiste"i.e o{ 
intestinal lesions the resistance of the host and possibl) the presence of 
specihc or non pccific substances in the blood are all factors which mav 
influence at different times the pathogenic action of the amoebae 

Vogel found IB 4) cal's of iRfaction witbC Ai>ra(>f<<a (iyttil at) that a haemolytic 
Oram positiv <i plococcus diSci ng immu’iologK^y from haaaolyOc streptococcus 
waipKsestiRca lot stuullcsioasw tepiodu <d id animals loocuUtednith cultures 
ot (in organism Ha bahec 1 that ihis diploooccut 11 a co*>tnhutoiy (actor la the 
pathology ol tRieabiasia 

Alsi the presence of cartsm >tb rba tenamayiafiiaB a the ptlhogenioty Vsuss 
and Sabngar ( gjsi fsuod that in hitteos a aUato of £ fiitialyi ea ttHed to irfact them 
uoleu a 2uemolyti< culture of Ba lUt c«f< vat aUo soiaccri « >ih it. Vai^uestionabiy 
the chemical envioronaenc 10 iheiatfstioeaxertsaoafl'ctupon (ha life activity pstho 
genicity and eocystment of £ hiiU^yl ca Chang s ns ^ bydng a mb coocaairatioa 
rasuitiaginiii reared aUiiieiiy cause fiaJaneria to eocysc (kBowlei Nxpiet aod Das 
Uupta 10 j) They fousd that in d>KAtrnc stools »ith trophoaoit s that the pH 
was m the cngbbethaod of 6 r and m stools ui vbich the annaba had ccicystad the 
pH was l«twcen 7 t to 8 18 

Clxdys Craig (193d) has found that the gronib of fodans io t heavier iB a bud 
ered medium than in an urbuflered one and that cncyitmeat occurred with a pH of 
^ 3(083 comsposuiDg rather closelytolheobsenaboiu of Koowleiaad his associates 

Faust SMd Kagy (loja) have fouad that tn expenmrotal tmoebusis of the dog 
leediDo raw hver to dogs was beotficul in anestiog the amoebic pr cess as id certain 
cases (his produ ed complete etadtcstion of the palhogeruc orgaoism as the arao ba 
became eo'y ted 1 b ^sytheyfouidtbatuiUaiikuKufatiniectooiQEthehvecetcract 
did Dot eradicate the amoebae 

iJelcBcy and Frye (1933 39) believe from cxpcroseats oa sftuaals the pow« of 
amoebae to in ade the tissues may depend upon (he pathogeoic index or vini ence of 
the strain 

tievelaod and Sanders (1030) and Cleveland aad CoUiet (fOjO) thiak that the 
bactcnal fiora has a gte t deal to do with the growth and eocy< laent of amoebae and 
tbtr patbogemc tSeet They base stnded the vtruleaee of several strsios of F 
h {ol lira for the hver of eats and have found that wheo the amo bae sre grows is 
cul re asd a cc form laoculum ss made u the hver some strains produce a much 
h he perceotagt ol hver shsvtsses than others suggesting a varulion in virulence 
But when culavated for a year or trcie the amoebae appeared to lose their psthogeiiirity 
for the hver aod lotestuie of (be cat Itbwever they demonstrated that it was the 
bactena growing with the amoebae (hat had lost virulence for when the virulence of 
the bacteria was rega oed by h er passag s the amoebae that had apparently lost their 
pathogenicity were again cap ble of prodocuig a high percentage of abscesses when 
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6 44 per cent and amoebic lesions were demonstrated in 5 of the 13 In these $ ani 
possibly in a more there was concrete evidence of tissue invasion by the amoebae The 
lesions were superficial and confined exclusively to the mucosa 

Some observers have believed that whenever £ histolytica is present in man it fives 
rise to more or less severe intestinal lesions Dobell among others suggested this but 
there is not alwa>s proof that such is the case Others think that many persons «ho 
only pass cysts of Lniamotha kislriyltca may have no symptoms of disease and no 
intestinal lesions Hakansson points out that the cysts in the intestine which survive 
develop into trophozoites These subsequently divide and so bring about an increase 
in the amoebae which may remain as trophozoites or become encysted He thinks 
the so called cyst carrier will pass trophozoites from time to time when the stools 
become more liquid A few fotmetly incbned to the belief that all amoebae found in 
the intestine are or may become pathogenic and they maintained that in every case 
where human infection was found even though there be no symptoms treatment 
should be insisted upon until the amoebae disappear 

Rothman and Epstem (1941) have again advanced these views and believe that all 
the amoebae that occur in the intestine may be pathogenic but they have not demon 
strated that fact and their views have not been concurred in by others 

Carriers —The recognition of the earner condition in connection with Endam iha 
kislolyhca formerly observed in various other infectious diseases has also as isted in 
cleanng up many difficulties in understanding the nature of this parasite There 
amoebic carriers ma> be divided into contact earners and convalescent carriers the 
former having never suffered from amoebic dysentery the latter having had an attack 
of amoebic dysentery and having recovered from a clinical standpoint the infection 
with amoebae persisting 

The contact earner therefore may represent a healthy individual whose infection does 
him no appreciable harm while the convalescent earner constitutes an individual abo 
has shown himself susceptible to the action of the parasite and who continues to pass 
cysts of this parasite in bis stools 

The percentage of persons who acquire infection with Lndamoela kistoiyiict and 
subsequently become heaUb> carriers cannot definitely be stated The figures of 
Walker and Sellards show that of iS men evpenmentally infected with Endamatia 
hislalytica only 4 (ss a per cent) developed symptoms of amoebic dysentery The 
rest 14 Of 77 8 per cent became contact earners Some of them were under observa 
tion for over 4 jeats and never showed any signs of dysentery or other amoebic di^ 
orders enyon and 0 Connor found to6 carriers among 1 979 healthy men etamined 
in Egypt of these 106 infected individuab only 16 gave any history of dysentery and 
they believed the latter figure too high for the diagnosis of amoebic d> seatery for in 
no case were they certain of the type of the disease from which the individual suffered 
Dobell and Meleney ( tgss) bebeve that no mote than 10 per cent of persons who become 
infected with Endamotba kistotylica suffer to any appreciable extent from their infections 

In regard to the incidence of actual amoebic dysentery rn the U S Navy (i 939 ' 
with IS 000 earners of £ hislolyltca there were only 4 6 cases for every thousand earners 
during the course of a year and Sapero pomts out that it is y et to be shown what are the 
determining factors necessary for the development of actual amoebic dysentery in 


apparently healthy earners 

However Craig believes that at least 50 per cent of carriers of 
suffer from symptoms due to the presence of the parasite The most common symptom 
noted IS constipation with occasional attacks of diarrhoea usually mild but sometimes 
accompanied bv pain Another common symptom is loss of appetite sometimes 
amounting to actual distaste for food this is accompanied by loss in weight Other 
symptoms noted are tenderness on deep pressure in the right ibac region and over t e 
descending colon dull pain in the lower abdomen flatulence and abdominal distention 
sometimes tenderness over the hver neuralgic pains in the lower abdomen A mi 
degree of anaemia is usually present evidenced by a slight pallor Many 

T.r?sent svmptoms referable to the nervous system of the neurasthenic type 1“' 
^iwntoms are due the author beheves to definUe lesions of the intestine produced 
by ^e amoebae and to the absorption irf bactena and toxins from the intestine throug 



laling Ihe matenal directly into the caecum they were eble to infect every one of the 
kittens and were also able by this method to propagate a stra n of amoeba through a 
senes of animals for several months In their hand* the jntracaecal inoculations yielded 
positive results in the diagnosis of human nmoebiasi* when the clinical man festations 
were obscure and the amoebae in the discharges so few and atypical as to make such 
an. etammatiaa unsatisfactory Amoebic abscess of the liver has resulted in both cats 
and dogs as a sequel to experimental intestinal infect on m a number of mstances 
Natural amoebic intestinal infection and spontaneous liver abscess h s also occurred 
■n monkeys 



FlO IS — Ph tograph of m ddl a d upp p ft n of the I g nt t ne f t 
Is th V ty of A m y b« seen a group of w It m k d ulcers A d vided w 11 n 
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Many other investigators have since inoculated animals with amoebae 
successSuWy Sfwana'«ve\d« Ihoa wSected dogs by ieeditig orally 

not only cysts but trophozoites Etcystation occurs m the small intes 
tine but not in the large 

Another method of infection consists of feeding encysted forms of 
amoebae Casagrandi and Batbagallo Calandruccio and Schaudinn fed 
themselves cnc>8ted amoebae apparentl> of the Entamoeba eoh type 
produced infection and re obtained the amoebae from their stools though 
they had no s>mptoms of disease following the infection They also 
infected cats by feeding encysted cultures of this parasite and obtained 
no symptoms of disease Both Schaudinn and Quincke and Roos fed 
cysts of Entamoeba histolytica to cats and obtained ulcerations of the large 
intestine m which numerous amoebae were found 

Walker and Sellards have performed the most important expenments 
in man in connection with infection by feeding amoebae They first 
fed cultures of amoebae cultivated from water or other non parasitic 
sources as well as from dysentenc stools to ten men without producing 
dy sentery in a single instance or finding such amoebae in the stools upon 
microscopical examination Of 20 such experiments performed on the 
10 men however m 13 they recoveredamoebaem cultures from the faeces 
from the first to tVie sntb day but never aherwards They concluded 
that amoebae which can be cultivated are non pathogenic Twenty 
cases were fed with material contaimng Endamoeba colt There was a 
uniform failure to recover organisms culturally from the stools and m no 
instance was dysentery produced though 17 became parasitized as a 
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inoculated nith these bacteria Tbe expenmental work of Deschieos Og$i) also 
suggests that the flora associated with tbe amoebae are important m determinuis 
pathogenicity 

Nauss and Rapport (1940) ha\e performed estensive experiments on cats to deter 
mine the influence of certain accessory factors in tbe initial penetration of the coIodk 
mucosa by £ hislelilica They believe that they have demonstrated that irritation of 
tbe intestine produced by feeding croton oil and bacteria derived from one of their 
amoebic stool cultures showed definitely the importance of accessory aids to penetration 
or positive invasiveness by £ kislolyttea of the colonic mucosa of cats as well as kittens 
Deschiens and DeCourt (1938) have also employed croton oil as a toxic Irsuisatixmg 
agent and find that it assists in the penetratioo of tbe amoebae into tbe mucosa 

^^e3tpball (1937) infected himsell by swallowing a capsule containing washed cysli 
from a carrier with £ hslalyhca Two days later cysts and vegetative forms were 
seen m his stools in small numbers which later became abundant After reraainini 
symptomless for 8 months he and a colleague drank 50 cc each of a thick suspension 
of an amoebic dysentery stool w hich had been supposedly free of amoebae as shown oy 
control testa Both estphall and hii colleague serving as a control for the bacteria 
developed a mild dysenteric colitis lasting for a few days the bacteriological examina 
tions showing non pathogenic bacteria only Ifowever after s8 days M estphall devel 
oped a typical amoebic dysentery while his colleague suffered no more alter the 61st 
few days ol inconvenience . 

Ife concluded therefore that the early bacienal infection lowered the resistance M 
the intestinal mucosa which rendered it possible for E kisfeljlica to invade the intestine 
with frank symptoms of amoebic dysentery Meleney {i9Ii)r*“'ls of* •“** “«*''*“'** 
seem to differ greatly in tbe susceptibility of the intestines to the invasion of smoeti 
and not more than lo p<f cent of infected persons end in some regions even lets waa 
that develop active amoebic dysentery .. . 

Korster from eapenence m Votlh Africa concludes that f hsictylititii m tneiiii 
place a harmle s inhabitant of the intestine and that aituaJly amoebic dyeentMy eni 
folio VI when the wall of the intestine has been injured so that infection of the intestine 
wall by the amoeba can take place The commonest cause of such injury w bacillary 

* Spector (1936) found in patients dunng tbe Chicago epidemic a wees of £ 
in the stools a large and a small one The large race given per rectum 
typical severe amoebic infection in kittens while similar inoculations of Ifee smaa r 
failed to produce results She thought that in human beings the small ra« , 

milder symptoms than the large race Frye and Meleney (1938) also J 

small race of £ htslohlica exists which possesses low power of invasion ol toe u 
of man and experimental kittens 

Further knowledge of the means of distinguishing the pathogenic and noo psenog 
amoebae is desirable 

Inoculatiov Evperiuents in Anisials anb Man 

Several methods of infection with amoebne have been employed 
have been obtained in vats and dogs by (he direct injection into the 
containing the amoebae \\ bile not all of the inoculated animals become iniec » 
single experiments and those in which unsuitable material is intes 

nevertheless there 1 no doubt that amoebic lesions may be produced in the taig 

The*^writcf (1900) obtained dysentery and perfectly typical amoebic 
Ih uie intestine of cats by the injection mto the rectum of portions “I 

« Uvet abscess which contained bving amoebae but was otherwise sterile 

weft oerfectly typical of those seTn » man Many of the ulcerations showrf » 
H vtinct undermining of the mucosa and round cell infiltration of tbe **'^?”“'*'* t 

,< amotbte at the base of tbe ukets the experiments were practical'y conC u « 

vVsf fiathoeenesis of the species of amoeba en^yed (Fig ur) Sellardsan 

J ottulation of kittens by rectum^ by feeding dysenteric stock nch » 
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all cysts jiBKie<J«teJ> » s of t » ja one mtiiule jo a of i }0 

one half in a streo^ of i coo a&<f sot at ail tn a dduLoa of > a eoo Cresol can 
obviously be employed safely then fortbedi icdectiOB of dysenteric stools oet&e bands 
of those tybo bate to deal yiitb patients Actdaodnus snlpbste tsb'ets and cblonnated 
time tablets used to tbe strength for (be punocalion of «ater tailed to kill the cysu 
Tbe resistac e of tbe cysts to cbloruie is a most important question tn viefc of tbe 
common use of cblonne in fratetpt.n£ca ion aodiUeficiency m destroying bacteria in 
drinking nater supplies Not only ^envon and O Connor but Mills Bartlett and 
Kessel and "iorke ard Adams have att found that drinking water cannot be freed of 
the c/sts by cblorioe to reasonably dilute aoumats Certain esperimeats of Carcia 
hav sig stedtbjt tbe cysts viere not kiDedaoU) the concentration of chlorine reached 
3 j parts pertaiD OR ofcblonoe which strength ooviouslv renders water unlit for dnok 
log purposes Only btooe frgi?) has reported that cysts of Endam do k sialyl to and 
culturesmay be destroyed by smallaiasuauafchlotifietf water ard in his erperiments 
the cysts were no more rcsi tant (ban BmxUiu cell commuRis m tbe cultures 

Possibly tbe kifbng of tbe baclena by cblonne to ^ese erperiirents inQueaced tbe 
d structioa of the parasites and their devel pment from tbe cysts Vsstlly amoebae 
will not ezcyit lo a culture medinia to the absence of living bacteria Craig (ifto) 
points out that tbe cysts are very resistant to cblonne and it has been demonstrated that 
It requires approaimstelv a hundred times as isucb falonne when mired rn water to kill 
them as is used in water (enhiatioo Cbloram ne has been found less e&ieat (baa 
cblonne and eeitber of (he < agents can be etnploved to render nater safe that is coa 
tamiaated with the c)sts of this paras te Chang and Pa r {ipai/ have carried out 
careful experiaeats which show (hat fairly heavily contaminated water can be cbsin 
(ected suieessfutly with n tbe practca^'e and to tr range of supercbforiiutioB pro* 
ded tbe contact period an be extended to 30 mint) ** or longer 
Tbe resulti f tbe destruction of gadeesrehi hiUalyii 0 tn culiuree by emetine are 
somewhAt eoatradi tor> Zsiiy etperunents b/ kedder wi b ipecac and later by 
Wherry S nan and the writer with emetine indicate the toxic edeet of (bis drug 
i& COB entrsteds iutiofls 00 cufcutes of flee laving amoebae and frequently of the cysts 
tf ever Dale sad Oobell found tmeune not partieu arlv louc when appbed directlj 
to Endom tioktsi 1 1 c* korkea d 4dainsf qtr> found in their expenmenti that the 
} its of £ hsuiytua were very restscaiK both to eaetioe and >atren Ho ever 
Dobell and LaidUir Uftf' iouad ein<( ot and encepbalin were speci&e poisons for this 
airoeba In ulturrsastrcngthoferreuoeofnajtnllio&wasletha) itncephahne on 
tbe other band was less effective They fojitd eras ne 10 iiacs as p isudojs as stov 
rso] {0 times as paiionous as qoin ne Da’e and Dobell however sug estedib tthc 
specific action of eisetine in amoebic dysentery u especially becau e of its primar} 
action on tbe host and not directly oa (be parasite More recently 5t John has 
determined that emetine kills the amoebae from 10 to 30 times more rttdily wbea tbe 
med um kept alksbne than when it >s and Iti a dilution 0/ 1 lo a miUion it kijed 
tbe amoebae regularly in s or 3 days la aikatme laedium while in tbe case of a or j 
tra ns death occurr d in j or 4 days wi b a dilation of r in 000 000 Santet found 
that emetin in d luUons of i s ■> fo i-iemo li led cultures of £ A slalylica after n 
b ucs while solutions of }atren i-too to 1-400 and td stovarsol r-fio were n ces aiy 
to destrov the amoebae in th s penoJ of isme 

T^e evsts ff 1) certainly not withstand tbe drying of a (roptcal sun sotbatit e ms 
improbable (bat wind m blowirg aboat dust caopUr an important part in tbe spread 
of am ebic infe (ion 

£pur£»K>uiu\ 

Mode of Infection and Spread — The (tan tnission of £ htsto^tiea. to 
mai} may octiir by contamiiuuon of water or food twtb faecal mate 
nal containing evsts ( ) bv droppings of Bies and cociroachee (3) b> 
tbe use of human excrement ut the fertiluation of vegetabJe gardens 
and u) the spread of infection b> lo«er animals as monkej-s and rats 
The handling of food bv' infected indtvidoals is also believed by some to 
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result of a single feeding m from i to ii days the endameba being found 
in the stools and persisting there for extended periods They concluded 
that Endamoeba coh is an obligate parasite, non pathogenic and cannot be 
cultured 

In another series of experiments 20 feedings were earned out mth 
Endamoeba Jnslohtica, the faecal material being mixed with powdered 
starch or magnesium oxide and given in gelatin capsules Sev enteen men 
became parasitized after the first feeding i required 3 feedings and 3 who 
did not become parasitized at the first feeding w ere held as controls The 
average time for parasitization was 9 days Only 4 of the 18 parasitized 
men developed dysentery which came on 20 57, 87 and 95 days respec 
tively after the ingestion of the infecting material The 4 cases of expen 
mental dysentery resulted from the feeding of material from norma! 
stools of earners 


Resistance of Amoebae to Physical Conditions and Chemical Substances —The 
behavior of amoebae towards physical conditions and cbemicel substances is of impor 
tance m connection with the prevention and treatment of the disease The vegetative 
forms of amoebae usually undergo disintegration in a short time after the stool is passed 
In faeces kept at laboratory temperatures 16 to 20 C the cysts also die fairly rapidly 
in 3 or 4 days and are all dead wuhin 10 days The cysts also do not appear to with 
stand drying for any length of tune for they stain wilh dilute eosin at once after dtyui< 
and when cysts stain in this manner they are probably dead On the other band the 
cysts may survive for as long as a month in water which has been mixed with faeces 
particularly if the dilution of faeces by the water is sufficient to prevent intensive 
bacterial growth The amoebae are usually destroyed by a temperature of do C 
maintained for one hour even when encystment has occurred In cultures 
Adams found the evsts survived at a temperature of 45 C for 30 minutes but are killed 
Within 5 minutes at go C 

The trophozoites usually lose their motility in the stools and quickly die but when 
encystment has occurred freezing at least of the free living species foraslongapenofl 
as a month may not destroy them In cultures cooling immature cysts to 0 to s L. 
for 48 hours tends to destroy them or to interfere with their capacity for development 
though Swartzwelder found that cysts refrigerated for 43 days at about 5 C eacysted 


when fed to a dog , 

Considerable work has been done upon the resistance of the cysts of 
htslolylica to various chetmcals but much of it has been worthless owing to the erode 
technique employed For delemuning the life of the cysts 2 tests have especiallv 
been employed first the eosin staining lest second the culture viibibty test rne 
latter seem to be the most reliable In testing the effect of bichloride of mercury 
Kuenen and Swellengrebel using the eosin viability test found that a solution of i 
killed all the cysts and after an esposuie of 4 hours However Yorke and Adams 
using a culture viability test found that a i 2 500 solution killed the cysts in 30 minutes 
In employing formabn Kuenen and Swellengrebel and Boeck using the eosin viabiu y 
test found no dead cysts were observed after 10 minutes evposure to a 10 per cen 
solution of formalin and Boeck even found cysts of Ibis amoeba still viable after a 5 0 r 
exposure to a s per cent solution of formaUn On the other hand korke and Adams 
using the culture viability test found that a 05 per cent concentration of 
killed the cysts after an exposure of 30 minutes Permanganate of potassium has n 
been found to be of special value m destroying the cysts except in ''ev concentra 
solutions The action of creosol is mnch more favorable Kuenen and Sweliengreg 
found that by using the eosin test a i 230 solution killed most of the cysts in f 
10 minutes while Wenyon and O Connor nsmg the same test found that cresol ki 
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no treatroent at aU If the <^sU feom sach cases finiJ their wa> into the 
natersnppl> or into moist food witlurat having been dried they ate likel> 
to give nse to outbreaks of amoebic dysentery 

The transmission of Endamotba ktsMytica bj water is common where 
there is co properl> controUed and filter^ water suppl) and also where 
the inhabitants depend upon wells spnngs sluggish streams and storage 
tanks for water Epidemcs of amoebic d>sentery are usually caused by a 
pointed water supply Such outbreaks were not uncommon among the 
troops in our nsiUtaiy operalvonsin IhePhibppiaelsiaRds in earlier jears 
and were described b> Craig and by the ortter as early as 1899 Classical 
examples of epidemics due to an inlected water supply »n the United States 
have been the one in connection with the Century of Progress Exposition 
in Chicago in iqyy in connection with which (here occurred some 1409 
cases of amoebic dysenterv or amoebic cobtis reported by McCoy and 
Hardy and others in 1936 The epidemic which occurred in Chicago 
concerned especially the employees and guests of 2 iarge hotels among 
which some 800 cases developed The infection was traced to an error 
m plumbing A direct communicdtion had been inserted between a serwer 
pipe and an intake pipe supplying drinking water through which it was 
possible for a reverse flow from the sewer pipe to tske place Cysts were 
found tn water drawn from the pipe in the vicinity of this communication 
Another water borne epidemic occurred at the Union Stockyards in 
Chicago in 1934 among firemen who drank water la/ected with human 
excreta from which some 100 cases of amoebic infection occurred It is 
probable that water borne infection is much more common m the United 
States than was formerly supposed and we must sot presume that other 
outbreaks mil not occur from tune to time 

plus may also give rue to local qndemics oJ amoebic dysentery 
Such an epidemic has been reported by Craig at El Paso Tetas m which 
is8 cases of the disease occurred among the troops camped in that city 
Flies also are probably of importance in the spread of the disease to indi 
viduab Cysts of B Au/ofy/ico have been found in large numbers in the 
faeces of insects (l/iircodomerrico Fannsacantcularts Luctha Calliphara) 
House flies readily take up free and ew^ted forms i n humAH faeces and 
can pass them from the gut as early as $ miaulcs and as late as jo hours 
after feeding A single house fly may take up one tajlligtam of faeces m 
one half hour l\en>on and OConnot found that wild flies captured 
in Alexandria often deposit in their droppings cysts of protozoa and eggs 
0/ norms which they have evidently taken up front human dejecta on 
which they have fed The cysts can readily pass unaltered through the 
intestine of the fly 

Root (1921) also found viable cy'sts 10 the droppings of flies as long as 
48 hours after they hadfedupoacontamioatedfaeces Frye and Meleney 
U93») found cysts of amoebae in the intestiae of flies caught m 4 of ra 
houses where individuals infected with this parasite resided Cockroaches 
may also be a source of infection of food since Macfie (1922) Tijera 
iigjh't and hlelcney and Frye (2936) have found that cysts of amoebae 
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be an important source of infection One of the greatest sources of mfec 
tion IS through drinking water contaminated directly or indirectly ivith 
faecal material from cases of amoebic dysentery Food, particularly ivhen 
uncooked such as lettuce and other salads may also be a source of mfec 
tion The use of human excreta in the fertilization of vegetable gardens 
IS an important means of transmission m some countries, particularly 
in the Far East The amoebae which are found almost constantly in 
the water in some tropical countries and which have been easily culti 
vated on artificial media are usually of the Limax type and are non 
pathogenic for man However in amoebic dysentery the free motile 
trophozoites of E httlolyltca are often found in the faeces in large numbers 
w here they may surv iv e for brief periods and these may come into contact 
with water and food It is generally believed that only the cysts are 


infective for man, and that if the trophozoites are swallowed m water or 
food they are destroyed by the gastric secretions There is no conclusive 
evidence that man may be naturally infected by trophozoites However 
the trophozoites which have been in some experiments fed to kittens 
and dogs are not all killed and these animals have been successfully 
infected m this way A recent example of this was reported by Swartz 
welder (1939) who has successfully infected 5 of 13 dogswithT htslclyluo 
fed to them in a medium which was cyst free Also he demonstrated that 
the trophozoites passed through the stomach in a viable condition and that 
they could stand fairly high concentrations of hydrochloric acid tn vno 
As the acute symptoms of the dysentery abate smaller amoebae occur and 
many of these become encysted m the large intestine in transparent cap 
sules m which condition they are passed from the intestine in the faeces m 
very large numbers The cysts of Lttdamotba hutol^tica on account of ine 
capsule are relatively hardy structures which though they also cannot 
withstand drying will nevertheless survive for considerable periods if they 
remain moist If they are kept moist and cool they may m fact, sunnve 
for sev eral w eeks outside of the body m water or in faeces The spread 0 
amoebic dysentery generally occurs from ingestion of these cy sts m water 
or food The cysts usually pass through the stomach and upper portion 
of the small intestine unchanged However, in the lower portion of t e 
small intestine the cyst wall becomes softened through the intestina 
secretion, and excy station occurs Ogura (1938) in detailed expenments 
upon white rats has shown that for excystation another factor is essentia 
besides suitable moisture temperature pepsin m an acid media bile an 
pancreatic extract He thinks this additional essential factor is the pres 
ence of certain bacteria Upon excystabon each cj st gives nse to a four 
nucleated amoeba According to Dobell after a comphcated senes 0 
nuclear divisions eventually there are produced 8 small amoebae 
as trophozoites These grow into adult forms which may invade t 
Hssnes of the large intestine and produce amoebic colitis or dysenterv 
The cvsts are often passed in very laige numbers by healthy earners « 
by paLnts who have partially or apparently wholly ^covered fr 
amoebic dysentery either after incomplete or ineffective treatment or att 



recently emphasized h> Speclor (X934) and Bayijs (1936) but as pointed 
out elsewhere m this article the cjsts cwoot be destroyed m drinking 
water by chlorination as tbe amount of ehlofine required to kill them is 
much higher than could be used m a public drinking water supply 
Meteorological Conditions — Meteorological condition have coa 
siderabie influence upon the disease vihtch is more prevalent in the 
summer months May to A-ugust inctusive In tbe United States Simon 
found ttie greatest incidence in the Guff diinng April and May 

Hinman and Kampmeier (1937) found no seasonal incidence in Neiv 
Orleans in the study of 400 cases However more cases were admitted 
to the hospital in June T«bedcand De (1938) have feisnd in a study of 
disease among Europeans m Calcutta from that while the 

greatest incidence was jn July and August owing perhaps to the habits of 
life of European they found that the incidence did not always follow 
the periods of highest raiofatl Among the Indian population there 
was a more deCmte seasonal correlation with the disease The seasonal 
variation is usually more closely associated with varuittotva la humidilv 
and does not correspond w closely with, those of temperature la the 
tropics the disease often becomes more prevalent during the rainy season 
^See Fig 138 > During the season when there is much rainfall 
there ate lacre&wd chances of water supplies becoming contawmated v.ith 
tystsffoni polluted soil being washed into welisand springs Flies which 
may serve to transmit infection also are more prevalent following the 
rams 

Age S« Race — Infection occurs at all penods 01 life and if oppor 
tunity for contracting the disease is taken into account liability to infec 
tion i> approsmutely the sa«v« at all ages The enteric symptoms of the 
disease are common jn children under to years of age but are much rarer 
in children under 5 \ears of age 

la tutctie t «fi s«t «9taj»i>f »n» bw dyventery trrated at the Jqhas Uopkms 
U spiWt w re uodtT oywrsptsge oU 65 C ntracWviwir illne s between Ihe ages 
af JO and 30 Of joo csjm jo estigateU by tfce wotcr in the rh lippines th# djiease 
developed )n ijg of the patients xrlj o they «rr« b tween oaniJeoyears In Malaj-a 
the avetag age of half of tbe patienW tnsKd »a» from *q to j and m the Andaman 
tsfandstheprcferentialp adof bte issppioi mately thesame in s cases of amoebic 
dysenteryin the soutfiertiUBited SlattsrepoHedbyMusiet fipij) jjoccu edbetween 
ibe ages of o to 40 After *0 years Vbe case inadencc everywhere falls rapiiUy It 
should be botcc la cn wd b «'<«* that it » tnoady bewt n the ages o! so to 40 that 
men a eevpo <d in tbe trop c> lothe i$alui{Ktvm and that varationv in incidence 
are due patVcwSarly to tbe pponwa ty of tot cl»n talbei vten to the period of Ufe 

F tbesaoi asen therre rdsof «»ui denteeannoi befcgardedasdemonstral ng 
< V predisposili n sllbougb almost af) gb ersers a fee ibat the disease is much more 
preval ntinmal a fn the Plul ppioe Waods 0I401 boypjul cases of th disease the 
atio of males t females » as as 4 > to and in agg personal cases of the -aiitei whicfa 
as* were analyied f r statistical porposcs only rj were in I ma! j Mac u elites 
that It seems to occu n males aboot 3 uuks as fre<)ueatly aa in females while in 
lutchecs ia« there wet aert mates and at females IKnmatisnd ktntpmewt {apsji 
found that in l^ius ana infected n>»f s predom aated ove { males w ihe ratio of 4 to l 

Th retatos entapded by goveitMoeBt hospuala in Uit taaVetn tropics by Carnegie 
8fo n th «cd that j malts to I Ieiiialci*an»vee»*»p oportien Honever Tao (1931) 
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^ill survive in the intestine of cockroaches for as long as 48 hours aftrr 
feeding on infected materia! 

Tijera reported the production of amoebic djsenterj in 2 kittens b} 
feeding of droppings of cockroaches containing the cjsts 

Infection Jrom louer mammals — Certain of the lower mammals may 
also transmit the infection In the tropics especially infection of 
local water supplies such as cisterns may occur from the ercreta of 
monkeys and occasional infection of food by the droppings of rats must 
be considered 

Naturally infected l/acacux monkeys and orangoutangs wereobserved 
by the writer m 1899-1900 m the Philippine Islands with amoebic 
dysentery Dobell (1931), and Hegner (1932) have also observed natu 
rally infected monkeys 

Lynch (1915) reported the presence of E histolytica in rats jn the 
United States and emphasizes the importance of this amoeba in the spread 
of the disease Chiang (1925) and Tanabe and Andrews (1934 1936) and 
Boe {1939) found it possible to infect rats by oral administration 

of the parasite Faust (1930) and Anderson (1932) have observed natu 
rally infected dogs in the United States Pigs m the United States have 
not been reported infected but Kessel (1928) reported pigs m China 
infected with E Inslohtica 

There has been some difference of opinion in regard to the importance 
of the rat in the transmission of the infection to man Tsuchiya (iWw 
has carefully studied this question anew He found that in feeing cysts 
to rats one of the factors influencing mfectmty was the acid concentration 
of the gastric juice of these animals and he suggests that similar con 
ditions may occur in man and prevent infection if there is a high concen 
tration of the gastric juice He points out that his experiments show 
that cross infection between man and rats is apparently possible and that 
rats may be conceived as s,Tesei\oit for Endamoeha histolytica thoughprob 
ably rats are not an important factor in the spread of the disease to man 

Food Handlers — Some wnters think that a common method of trans 
mission of amoebic dysentery is by food handlers who are earners of the 
infection and there has been considerable discussion as to this means ol 
transmission The experiments of Spector and Buky (1934) suggested 
that infection was not likely to occur from the hands of individuals 


Andrews however demonstrated that the cysts may remain under the finger oa s 
of individuals in a viable Condition for periods varying from S to 45 minutes Craig 
ligi?) believed that the disease » veiy commonly contracted through infection acquire 
by infected handlers of food lie points out that the incidence of earners among loo 
handlers in public eating places has been found to be high m numerous locahties 
Sapero and Johnson (1939) have recently earned on in naval mess 
cTpenments and properly controlled among 14 groups of people comprising in all 9 9 
nersoDS who had been served food and dnnk carriers of E htslolylica They W 
there was no evidence to support the belief that infected food handlers were importa 
agents m the transmission of amoebiasis 

Cysts of E histolytica are fortunately removed completely from water 
by coagulation and filtration through rapid sand filter beds as has been 
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in Cluna in a sunej'o/lherateofta/cctionof 8^5 peop)« found tnfe>-ted47a(at in« 
par cent; of 5850 inaJes examiced and 208 (or 8 oi pet cent) of args fartulej eiaauaed 
In tlus locality conditions under «Iifch women were exposed to infection more closely 
approximated those under which the meti bved 

An roerx in the tropica who do not taLe proper precautions are liable to attach Tie 
Malay and black race appear slightly less susceptible than the white race thougi 
the predisposition of native races depends considerably upon tbeir habits of life The 
better classes of Chinese residents who drink only hoc water or tea are more rarely 
infected Nevertheless natives who by reason of their mode of life and the coodiuoD 
of their drinking w ater are very freciuenily exposed to infection do not suffer so often 
or usually as se\ erely frorn the disease as do Americans and Europeans 

rATIIOtOGh 

Human infection probablj occurs in nature onl) as a result of the 
ingestion of cjsts 

In the intestine the cysts undergo ( metacystic ’) development each 
finally giv mg rise to 4 small trophozoites These often attach themselv es 
to the epithelium of the large intestine especially in the crvpts Tftv 
may also penetrate into the tissues of the mucosa and quickly into the 
submucosa partly by their own active movements and partly by means 
of a lytic substance which they secrete Here they often give use to 
small areas of gelatinous necrosis (abscesses) which rupture into the 
lumen of the intestine and produce ulcers The subsequent course 
depends upon the balance between the destructive powers of the organism 
and the reparative powers of the host In mast eases the latter suffice to 
restrict the lesions to small and even roicroscopjc dimensions and the 
infection 1$ aymptomless Oiten however the defensive forces appear 
inadequate (without treatment) to elimmate the infection entirely, once 
It IS established jti the tissues In other cases the organisms penetrate 
into the submucosa and extend laterally tn this layer, under/nmiag the 
mucosa and leading to the formation of large ulcers Secondary bacterial 
infection from the intestine then occurs The portions of the bov el wall 
between the ulcers are commonly not inflamed The muscular coat is 
relatively resistant but in the severest cases it may be penetrated as well 
as the setosa giving rise either to perforation and general peritonitis or 
to the formation of adhesions to neighbonng structures In sev ere chrome 
ca '•s there are extensive adhesions marked scarring 0/ the intestinal wall 
m some places with thinning and dilatation, m others with thickening of 
the wall and narrowing of the lumen and occasionally the formation 01 
tumor Itke masses of granulation tissue A striking feature of all the 
lesions (intestinal and hepatic) 1 the absence of leucocytic infiltration 
unless secondaiy bacterial infeution occurs 

Morbid Anatomy — In amoebic dysentery the large intestine is chiefly 
involved In very few instance^ the lower end of the ileum may be 
affected the pathological process then extending upw ard from the caecum 
The lesions may also sometimes extend from the caecum to the appendix 
Any part of the large intestine may be affected but the ulcerations are 
somewhat more common about the caecum in fatal cases Clark fig 3 S) 
found in his series of 186 fatal cases the order of frequency of ulceration 
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instances they apparently pass directly dirough the basement membrane 
and muscularis into the submucosa Here they ate liable to migrate 
iaterallj and in depth for a considet^Ie radius In addition they often 
invade the capiUanes and veins causing 
thrombosis o{ the blood vessek of the 
submucosa or musculans with conse 
quent necrosis of the tissu« above 
MacCalium (19 o) has sometimes ob 
served the amoebae underneath theendo 
theiiuin of the branches of the portal 
vein as well as l>ang free in the lumen 
of such venules The most typjcsd 
amoebic ulcer is the flask shaped one 
due to the spreading out of the amoebae 
in the submucous coat the edges being 
formed of the overiving basement and 
mucous membranes Fig jsj Thcaccu 
muiations of amoebae sn the submucosa 
tissues are attended bv a low grade m 
fiammatory reaction with oedema lym 
phocytic infiltration c>tot>sis and fixed 
tissue proliferation The amoebae are 
particularly found in the oedematous 
tissues beyond the areas of most acute 
infiammation in the latter of which inies> 
tinal bacteria also play a part In cer 
tain cases the tissues seem bttle able to 
resist infection and large gangrenous 
ulcers result the wails of nhidi are soft 
and the bases of which are formed of 
blackish or greenish sloughing tissue in 
whicii numerous cocci bacilli and some 
times amoebae are found These 
changes are certainly not produced en 
tirely by the amoebae but arc probably 
chiefly due to the bacteria Another ^ 

process sometimes observed in the intes *aio„ \h w* ic Vo ghs h * be n 
line in amoebic dysentery is a diphthe > o a »»«)- t m th« two uu 
niic one which is also influenced chie6y ^ FiTh & 

by the bacteria present in the lolestioe 

In the healing of extensive lesions of the intestine the excessiv e formation 
of scar tissue sometimes leads to contractures and partial obstruction 
The pathological lesions in the appendix liver and other parts of the body 
are especially discussed under Com^ications pp sr5-54o 

Distribution «id Psthogtoicity «t ft* Amoebse in the Body— In add lion 10 
inhibitiog the Urge intestine amoebae have be n repeatedly foBiid id the nejghbonng 
I ssues and abdotninilcavity and VO abscessol thehv t lunj p) ura andbiatn 
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was, the caecum 87 ^ per cent, ascending colon 57 i per cent rectum J96 
per cent, and appendix 33 3 per cent 

The most striking change at autopsy is the thickening of the nail of 
the large intestine with some \ascular injection The thickening is alnajs 
more marked in the submucosa but may affect all of the coats On 
opening the intestine the characteristic lesions consist chieflj of haeinoi 
rhagic catarrh of raised hemispherical areas of infiltration in the mucosa 
often surrounded by zones of hjperaemia or haemorrhage and of ulrera 



tions A vet> early lesion consists of small raised haemorrhagic areas 
which later lose their surface epithelium The destructive lesions 0 
intestine consist of small erosions which may involve the « 

ulcers with a crater like appearance with undermined margins and u a 7 
of large irregular shaped ulcers whose bases are formed (^muscular 
^ Iveaperitoneum In thelattercase pentonitisvvithperforationish^J 

to Qccur^ These large ulcers are often formed by the coaleKing 
neichboring ulcers through sinus communications formeu m uic 
iruMsa the overlying musoilans and mucosa then sloughing off T ^ 
v^^a invade the glands of laeberkuhn and pass into the crypt> o 
r oS them small area of necrois In other 
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xcportrd <s Dcrvirag is the he»d of the exceed Utaax and in the lounediate nngbbnt 
hood of ntcrotw ixeu in tit ebumated wdafe «{ lh« jcniit Koforf Sweey aod 
Boyeri (>92 ) 8}sc> asnounred lie discoveiy oi S M jlelyua la tie fUndi in 7 cases 
o! Hod|kiQ s disease also tn the bout inamni ol tbeteeasesandin tie iciestme These 
obscTvatJoas c5 Koiojd and S«tzy rtaj have sot been WofirKed They lUustrate the 
simiUnty that may exist m the aj^a uccof cectam bumsn cells la E k tt ca 

Crai^ f 940J points cm that practically esreiy organ and tissue of the human tody 
has been reported as heiag invaded by £ hiiUfjilicd but that thft vast tnajprity o! such 
reports have been based upon insufl eitat csn^nce that lie cells so diagnosed were 
actually amoebae 

Thus CherefeddiB (isay) repoTttd $ cases <A amoebic ocphritis in «.hich the urine 
always coeuuied amoebae red bhondcella and casts actd Franchini ( piS) 10 cases of 
amoebic cyst tis Other reports have been made of amoebic bronchitis nithoui lung 
abscess 

In regard to these and other mfiammatory maaifestations which have been reported 
by different writers aucb as amoebic bronchitis and pulmonary congestion oepiriiis 
cyst tis tndurethrili Desch e«& and MelnoUe after 4 years study m Morocco have 
c ncluded that th mconiestible pr of of the amoebic nature of such condil ns has not 
been gi> cn 

The writer also f«U that there is grate doubt ol the amoebte origin 
of such conditions and that the presence of other cells frequently ntacro 
pbages containing red blood corpuscles have been confused with amoebae 
However extensions of the infection with £ fmtol^Uca from lesions of 
the intestine and liver to the slftK sometimes reiuUs producing e'cfenstve 
necrosis and sloughing of the slin Such lesions of the slun have been 
reported in recent years bj Eogman and by Melertey (lojz) 

Ngai and Frazier (ipjy) » p«‘ anal condylomala. and Wu {1937) in 
China have also found amoebae m sections of pen anal ulcers fistulae 
and watts and Manson Qahr (1938) has found amoebae m a lesion of the 
slkin due to an old colostomy wound \Vu (1938) has reported an unusual 
amoebic infection of s nasal pharyngeal polyp the sue pf on orange 
removed from the back of the nose 

CbUnCAI. MAMFESTAtlOVS 

The seventy of the symptoms vanes as greatly as does the: extent 
pf the ulceration The onset is usually insidious 

Incubatioa Penod —It is frequently impossible to determine the 
natural period of incubation in amoebic dysentery because there is seldom 
accurate information as to just when infecUoa occurred In some indi 
viduals it apparent!) has fawn but a few days but in others it extends 
over many weeks or months In die epidemic m Chicago m 1933 the 
incubation penod m some cases was short the symptoms of dysentery 
appearing 3 to to dajs after exposure while in other eases months elapsed 
before symptoms of dysentery appeved Tbeincub-ation penod probably 
depends particuhtrly on the stBceptAiUty of the mdsvidual and the sever 
ity of the primary infection and wbetfeer there are superficial erosions 
in the mucous meiabrane of the Urge bowel at the time of ingestion of the 
cvsis The course of the disease is ustnUy protracted markfd by recur 
nng periods of active dysentery alterttaUng with periods of remission 
during which the?® may be trouWesiHrte constipation The disease may 
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\ number of authentic cases of the presence of amoebae m penneal smujes aod lo 
the bladder and urine have also been reported Often when present m the bladder 
and urine there has been a sinus connecting «ith the intestine Amoebae havealsobeea 
reported in ascitic fluid in the pelves and ureters of the Lidne/ in amoebic nepbntis 
cystitis and urethritis ovarian abscess and salpingitis abscesses of the spleen kidae^rs, 
and super renals in bronchitis neciosisof the nbs or jawbone in abscess of the mouth 
m parotitis and in pyorrhoea alveotans The species so commonly found m the mouth 
Eniiamoeba gingixalis has attracted particular attention through the reports m igijof 
Smith and Barrett and Bass and Johns which intimated that the organism was the 



Fic 137 ~NoduIar areas and ulcerations in the caecum 
cause of p>orrhea alveolaris (Riggs disease) While this view is generally no 
held this species of amoeba wtucb is often found m the mouths of children 
gums IS nevertheless frequently much more common m persons nith pyorrhea a 
unhealthy gums There is howevrer no conclusive evidence that it is P''”® J 
pathogenic though it would be equally wrong to conclude that it mvy not ^ 
even extend the lesions in certain necrotic processes Many observers regard 

* W'arthm (ip* j) ha» reported one case of the invasion of the testes and 
by £ hilolylica in a patient suffenng with chronic amoebic dysentery The 'P“*' ' 
showed marked dilatation of the ducts and in these occurred masses of sperma 
.^Jamo^hae There was little evidence of aninflammatory nature , 

Kofoid and Swezy and Ely Reed and Wyckof (rpja) reported the ^ 

£ in tin ln,ion, of . non bnclo™! tn.n «I onln.ti. Tho .mo.b.. 
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attention jn the earlier stages of the disease are diarrhoea abdominal pain 
and later soreness upon pressure over the abdomen There is usually no 
nausea and the appetite may remain unaffected Only when the disease 
progresses still further does the diarrhoea or mucus and blood in the 
stools become a prormnent feature It is on account of this fact that the 
term amoebic djsenterj is not appbcable to all cases of the maladj and 
that the term amoebic enteritis or amoebiasis is a more appropriate term 
for the infection 

Forms with Acute Onset — The onset of amoebic dysentcrj as observed 
by the phjsician in over one half of the cases is acute Abrupt onset 
maj occur from the formation throughout the large inte tine but par 
ticularlj in its lower portion of \cry numerous small and superficial 
ulcers or from secondarj infection with streptococci or Bacillus dyseitlertae 

Cases with diphtheritic or gangrenous lesions may be classified chn 
icall> under this di\ ision and in the latter instance portions of sloughing 
tissue may be passed in the stools Headache nausea and chills may 
usher in the attack Soon afterwards spasms or gripping pain are felt 
in the abdomen foUowed by frequent loose movements At first the 
pain is intermittent and acute being most severe m the umbilical region 
but later it usually becomes dull and coduquous and is then referred to 
the sigmoid area There may be from 1$ to 50 or more bloody mucous 
movements in 4 hours A high leucoc>tosi$ is frequenll> present 
Colicky pains in the abdomen with rectal and vesical tenesmus may occur 
and fever and vomiting appear Great eehaustton sets in the heart 
action becomes feeble and death results from cardiac failure and collapse 
or the condition ina> temporarily improve and gradually assume the 
chrome form It is in the acute form that wild delirium tna> be observed 
before death 

Advanced and Chroiuc Forms — Patients with the advanced and 
chronic forms of the disease usually suffer with recurrent attacks of 
diarrhoea in which from time to time blood or mucus is passed with some 
pain Between the attacks of diirrhoea the stooh may be formed though 
they also frequently contain some mucus and blood The number of 
Stools may vary from 2 or 3 m the morning to 10 or 15 or more during 
the day There is frequently a dull aching pam in the abdomen or in the 
back and at times a sudden and intense desire to defecate The general 
health finally suffers and emaciation begins to be evident The patient 
often appears sallow and then becomes anaemic and sometimes emaciated 
the skin becomes dry and dull yellow m color and the muscles soft 

The Blood — Hmman and Katnpnie er ( Q37) who tud ed the blood of 89 cases in 
hew O 1 ans found the red blood coipnscl we e below 4 joo 000 m 64 per cent or 
57 cases and less than 4 000 000 in 39 of thes Only 9 were below 3 million 1076 
case 3 or 4» per cent sh wed less than 70 per cent of haemoglobm (Talqu st) 
Craig 934 pomtsout that in chnnuccasesoflongstanduig the red cell count may fall 
to 3000000 or rarely even to sooooo Gastnc analyses were made by Ilmman m 
4 c ses 5 showed d finite hypochlorhjdna a d 3 achlorhydria (mduded lo the *5) 

Thes p ds of 1 w fever accomp med by lencocytosis may occur from ume to 
time The leucocyte unt is often below 10000 A kucocyte count f 15000 often 
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last 30 or 40 j ears There may be merely a mild diarrhoea, or the d>’sen 
teryraa> be severe with 12 or more bowel movements dail>, accompanied 
by marked colicL} pam and tenesmus Rarely the onset may be ful 
minant and death maj occur within a week As a rule the onset is less 
abrupt and the s>mptoms less acute than m bacillary d>senter) The 
disease ma> be sjmptomless, or be associated with vague abdominal 
pams digestive discomforts or other complaints which do not suggest 
intestinal disease These mild or symptomless cases have been shonn 
to outnumber greatly the cases with clinical dysentery They have 
been called carriers or ‘ cyst passers in which the lesions produced 
may be well marked or insignificant In such individuals (if untreated) 
the earner state may last for long periods A carrier may dev elop clinical 
s> mptoms at any time if his resistance is lowered, but most of them never 
do so The reason for such marked vanations in the reaction of different 
individuals to the infection is not entirely understood Some of the 
influencing factors have been discussed on page 483 Since the symptoms 
of the disease differ so greatly in character and seventy, in order to discuss 
the clinical course the cases may be grouped convemently under (i) ndd 
or latent forms (a) those with acute onset (3) advanced or chrome forms 

It should howev er be understood that this division is purely arbitrary 
Cases with grave intestinal lesions may sometimes come to autopsy w 
which the individual# had during life no intestinal symptoms sufficiently 
prominent to attract attention While individual eases of amoebic 
enteritis may vary widely there are nevertheless some features wbivh 
are common m at least the majonty These are the irregular course 
marked by periods of intermission and exacerbation abdominal symp 
toms the appearance of mucus m the stools and the tendency to chron 
icity A phenomenon peculiar to the malady is the occurrence of amoebic 
liver abscess 

Mild or Latent Forms — The onset is usually insidious and a great 
many of these infections may remain undiscovered for a considerable 
period of time Frequently the patients are not able to tell when they 
began to realize they were not in good health There may be complaint 
of some lassitude abdominal discomfort or dyspepsia Slight intestma 
disturbances consisting of moderate diarrhoea or constipation may appear 
Occasionally the abdormnal pains become severer or there may be an 
outbreak of diarrhoea which causes the physician to examine the stoob 
when amoebae sometimes mucus and even red blood corpuscles may n 
found Cases may never advance beyond this latent stage Either 
under treatment or even without it the patient may overcome the infec 
tion and the parasites disappear from the stools or the patient may remain 
a carrier for years passing amoebae and cysts m the dejecta In. by m'' 
the greater number however if pathogenic amoebae are present t 
symptoms sooner or later increase m seventy and in the event of recovery 
not taking place the disease passes to a more advanced stage Sue 
cases may then be more properly classified either as those with acute onse 
or advanced or chrome ones The symptoms most likely to attrac 



Uie temperature ranged between F m all bat 3 31 bad a reUtive ts well aa 

absolute polynucleosis J3 between 76 ani 85 p*f cent and 9 oiet 85 percent 

In the chronic lorms indigestion and flatulence often develop The 
temperature may be subnormal in the momtng sligh-tlj elevated m the 
afiercoon Moderate albuminuria may occur and a }etv byabne casts 
appear m the urine As the disease progresses there is a marked loss of 
appetite the emaciation may become extreme the abdomen sunken bed 
sores appear and death follows from eahaustion or terminal infection 

Another type of the chronic form is that m which there is nothing 
more than an intermittent diarrhoea often alternating with constipation 
and accompanied usuallj by slow but gnidiutt loss of flesh If the severer 
intestinal lesions m which the destruction of tissue has been marked 
subsequently heal extensive cicatrices are apt to form sometimes with 
resulting narrowing of the bowel The chrome catarrhal condition may 
also persist 

Course and Prognosis — The course of the disease is very variable 
and IS not self limited The increased employment of emetin and other 
amoebicidal drugs in the treatment of amoebiasis has often greatly 
modified its clinical aspects In the United States one sees fewer of the 
more severe and more adv anced cases of amoebic dysentery than formerly 
and fewer senous complications In many cases which would formerly 
have been considered hopeless the patients now often recover In 
untreated patients who are exposed to hard^ips m the field and away 
from physicians and hospital facilities the death rate may be as high as 
30 to 40 per cent while in cases treated properly with eraetin or other 
suitable drugs the mortality should not be over 10 per cent In the 
uncomplicated cases those with acute onset including the gangrenous 
forms usually have the gravest outlook Hiccough which is seen par 
ticulaily in the severer forms often indicating mvolvement of the pen 
toneum and the approach of exhaustion and death is a very unfavorable 
sign Death may occur from the gravity of the intestinal lesions froro 
exhaustion m protracted cases from severe complications particularly 
abscess of the Uv cr from a terminal infection from uiteicurtenl diseases 
or from severe intestinal haemorrhage The severity of the intestinal 
lesions and abscess of the liver are the most frequent causes of death 

Duchosts 

The diagnosis of amoebic dysentery can often be made with certainty 
only m the laboratory as thw are other forms of dysentery whicb it 
may be impossible clinically to distuigui^ from it an d one who attempts 
to form a diagnosis from the clinica! manifestations alone will make fre 
quent mistakes 

The physical examination of the patient with moderate symptoms 
reveals little except sometimes abdominal spasm and tenderness over the 
affected portions of the bowri The temperature may be normal or 
slightly elevated especially m the afternoon The pulse may be only 
slightly increased in rate and unaffected in volume and tension 
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suggesli some complication espcaaHy liver >bscess Solarino (1939) found the blood 
practically normal except that the leucocytes ranged from 5 000-15 eoo the hirhtr 
counts usually in the earlier acute stages Iliniaan and Kampmeier (1937) performed 
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show c>tol>sis and consist of scanty ragged cytoplasm surrounding 
pyknotic nuclei 

Callender (1934) and others emphasize that m bacillary dysentery 
the exudate in the stools contains very large numbers of pus cells some 
90 per cent being degenerated lenoicytes while large macrophages are 
present '\hich may contain red blood corpuscles The last have some 
times been mistaken for amoebae but do not possess the motion of the 



trophozoites of amoebae On the contrary the cellular exudate m the 
stools of amoebic dysentery usually contains few or no pus cells and there 
are epithehal and other tissue cells swoUen and degenerated leucocytes 
Charcot Leyden crystals also may be present Thompson and Robertson 
believe the presence of Charcot Leyden crystals in amoebic dysentery 
is a valuable diagnostic point However Stitt and Clough (1938) state 
that while they are suggestive they are not pathognomomc of amoebic 
dysentery Manson Bahr has found these crystals in the stools in mahg 
nant disease of the rectum in mucous colitis and in helminthic and 
cocadial infections 




5®^ DIAGNOSIS 

Other disease conditions that may be especially mistaken for amoebic 
dysentery are baallary dysentery mucous colitis chronic ententis and 
schistosomal and balantidial dysentery 

Stitt calls attention to the fact that it is possible to differentiate 
bacillary from amoebic dysentery by the more sudden and acute onset 
of the former together with fever and other evidences of toiemia, al o 
the pulse rate is somewhat more rapid m bacillary than in amoebic 



dysentery and the number of stools is usually greater although the 
amount of each stool is less in quantity , 

In amoebic dysentery the stools are often fluid relatively copious an 
contain faecal material and varying amounts of fresh and altered blood 
which may give a dark brownish or reddish color and there may be nine 
blood streaked or brownish mucus This contrasts with the scan y 

watery non faecal passagescontaimngmassesofwhitishmucusflecked with 

bright red blood m the baallary type of dysentery Jlicrostopicauy 
the amoebic stools show mucus and numerous red cells often clumped 
and degenerated and very feu pus cells or phagocytic cells which are 
numerous m the haciUarv type The cells which are present mos y 
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Wetvyoti and O Connor bebe^ed Endamoeba colt did not ingest red 
blood corpuscles and that if amoebae were found englobing red blood 
corpuscles they were certainly Endattoeba hulolyitcae \ ork and Macfie 
1919 have shown however that non pathogenic amoebae of the Limat 
type will ingest red blood corpuscles and they therefore believe that 
Endamoeba coh may also ingest red cells 

Tyzzer and Guyman {1939) have observed a human case in which 
there was a polyp of the sigmoid and a blood streaked mucous discharge 
which contained an amoela which frequently included red blood cells 
A careful study of it including cultures and inoculation of kittens con 
vmced them that the species was Endamoeba coh which had actively 
ingested the red blood corpuscles in the intestine 

It must be remembered that thecharacten be features oi the trophozoites and cysts 
of the various species of intestinal amoebae eoumerated can not be made out m every 
individual paras te but that m every faecal speamen there are atypical forms particu 
laily of the tropbozoites which can Mt be positively idectihed Several individual 
organisms should always h« respected 

Amoebae must also be d streguished from large monoauclear phagocytic cells such 
as those common in the steels in bacillary dysentery The Utter have larger more 
conspicuous nuclei than £ A iMyii 4 and often cootsin b ctena or vacuoles sod even 
red blood cells It is essential for diagnosis to demonstrate the typical motility of the 
paras te This together with the presence of ingested red cells practically suffices to 
identify an organism as £ A tiefyiiea If there is doubt as to the identification or 
if permanent ptepstat one are desired films must be fixed and stained by the non 
haematoxylm method and the nuclear structure studied This procedure should 
suppleme t not replace the ecanunation of fresh preparations As de from the time 
required far staining it is more difficult to delect amoebae in stained films than in fresh 
preparations 

During the first few days after the onset of She initi 1 attack the organisn s may be 
absent or sparse At late p nods tb yean usually be found They nay be absent or 
spa se m one specimen and abundant tn the next but e smination of p operly selected 
m ter al from 3 suitable spec mens will re eal them in nearly all cases 

The distribution of chtomatin in the nuclei is frequently an aid in 
differentiation The etamination of the cysts m stained preparations 
however usually gives more accurate results in the determination oi the 
species 

For fixing and staining preparations Schauduins well known alcoholic sublimate 
(equal parts HgQ and 95 pec cent alcohol) andsta oing with iron hematoTyUn method 
has f equently been employed Stitt Clough and Clough (1938) recommended 
C rnoysfixative which consistsof absolute alcohol fiparts chi rofoimjparts glaci I 
acetic acid 1 pa t as e cellent f r any staining method It s especially useful when 
followed by hematoxyl n Used in the cold it insures qui k killing pid fixation and 
fidelity of Issue elem nts when foDomedbybaemato ylinstains Immerse mo st smear 
in fix U eforio- minutes and (ben m distilled water to- m nutes Stare 

Donaldson s 1 dine eosin stain as tnoihfi d by Rofo d gives most sati f ctory 
results It should be freshly prepared as foil ns 

Saturatedsolutionof eoB nm norma) salt solotioii a parts 5 pet cent potassium red d 
in normal salt solution saturated with lodin one part normal salt solut on a pa ts 
The smear is prepa ed for microscopic czanunatio by rubb g out a mi ute bit of the 
faeces by rolling it on a round applicator sUck in a sm U drop of normal salt solution 
and then re an adjacent drop of lodm-eosin tUtn A single cover is placed on both 
drops and the smear is rtidy for imroedute eaamioation L ving fiagellates and 



Manson Bahr (1936) believes sigmoidoscopic examinations sometimes 
afford valuable information m diagnosis when ulcers are present in the 
rectal canal Hinman and K.amptneier (1937) made proctoscopic exam 
ination in 299 cases and ulcers were seen in 261 or 873 per cent, and 
activ e amoebae in 252 or 84 3 per cent The diagnosis should be con 
firmed in e\ ery case by finding amoebae m the scrapings from such ulcers 

Laboratory Diagnosis — The dejecta should always be carefully 
searched for amoebae Demonstration of the motile trophozoites or 
cysts in the stools is essential for a positive diagnosis The examination 
of the stools should be made as soon as possible after they are passed 
and the specimens should be collected free from urine, as the amoebae 
often die and disintegrate in the stools a short time after they are passed 
The amoebae should be found living and motile In this condition 
they are not likely to be mistaken for phagocytic cells A fresh warm 
stool IS most favorable for examination and if it contains particles of 
mucus these should be specially examined 

Stitt has obtained beautiful results with vital staining by tinging the 
suspensions with r per cent aqueous solution of neutral red Examine 
with the low power inch (AA) objective 6 X ocular), and use the 
high power for identification only Magath 1935 has emphasized the 
great practical importance of this point If the stool is formed motile 
organisms can rarely be found in the faecal mass but may be demon 
strated in mucus adhering to it In such cases one may give a sahoe 
purge and examine decks of mucus contained in the first duid stool It 
has been generally recognized that the chance of finding protozoa is 
much increased by such catharsis Oil (and barium) must be avoided 
Hegner and hia associates point out that in Mexico 25 per cent of the 
diagnoses for E histolytica and it per cent lot E cell were based on 
trophozoites found in purged stools 

If there are ulcers in the rectum the organisms can usually be demonstrated easi^ 
in scrapings from the ulcers obtamed through a proctoscope They can often W 
obtained more simply by passing a rectal tube as deeply as possible into the rectum ana 
examining the fleck of mucus caught m the eye of the tube The organisms are not 
evenly distributed in (he stool and sevetaf particles should be examined 

After the presence of the motile living forms has been determined 
the species should be differentiated It is often difficult to distinguish 
with certainty the species of intestinal amoebae from an examination 
of the living motile stages 

The two species of Endamoeba which most commonly occur histolytica 
and colt, are not strikingly different m their appearance in the vegetative 
stage They measure approximately 20-30#! in diameter rarely 40-50;* 
The nucleus of each is small in projxirtion to the size of the cell v ery 
in chromatin which however is coarser in eoh In E histolytica the 
ectosarc is often strikingly dear and hyaline and phagocytosis is active 
the amoeba frequently contaimng red blood corpusdes with usually few 
if any bacteria Endamoeba colt usually contains no red blood corpuscles 
but much more frequently ingests bactena 
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The cysts of Cndamo Sa Aiitefyf c« mcasUTC f ora s 1 j according to the strtm 
or tice The cysts of » given trsio »ie f uly swifoira lo size They ate phtncalot 
0 Old and the cy t wall IS polotle sand perf cily smooth aad f rmed of 4 suigl lay t 
The cyst wh n hist f cied is uninocteate The cysts ate passed in the faeces m the 
uninucleate bmncl ate or quadtanucleate ata e Kuen n Swellenttehel and^icheis 
have found cysts if Eadamo 4a k tatytua contauiine » 6 and even 8 nuclet The 
ijdiogical 1 agnosis of the ip* les hence at times ss further complicated p rt cutarly 
s nee Endat max nans may sometim s though inttcquently ai o show 8 nucicat cy ts 
However Craig (t^jy) po nts out that 8 nuclear cysts tn £ Ai fofjti a ate very rare 
and practically not encountered » fresh slwls The cysts of Eadan a 6o rofi nieasute 
from lo to JO)* or « ert mor The cysts with a a ot 8 nuclei may occur m the 
stools H mature e ght nucl t are tisu Uy present tn fact about So pet cent f the 
cysts of this or ni m f uni in the st is are stti t be 8 nucliatc Uccss' natW 
hov ever sup mu leal* 1 rras wub it» »us> » m. y bi seen r li r fum with nU 
4 j notUi The mature cysts ufE wt»o uaretypic lly »V an 1 measure us ally 
fromtitQiQ inlensihandjtoVxv'sidlh Kofoid and h saSM-rutes bel eve th t the 
tructuie ni the nucleus ot End 1 inue n au «h n stain d i art absi lute d ag^ ttic 
enten n of this species and they agree in this pmon *iih Weny n In £»da ereiu 
It lolyl CO as not d there s a central katy some and the periph ral cbroinotiii is 
scattered around the nuclear membrane m granul s of a small ue whereas i» i* "ana 
thrumat n is massed in a singl I tge clump an 1 there is absence of ehronalin granules 
on the nuclear membran 

tft /of tn«r4jf«/tr//ii the cy la nrea u e from j-ip The rytopJasn > vaeu f led 
ndahtjegtyr gen vacuole is usually present Sotytshsv bern dem asiril dl r 
Oienfu noc4d / 0{ f i 

The cysts o( the most common s}>cciea given above mu«t alsu Le di» 
tinguished from the C)s{s of the amoebae of the £»»iuv t\pe winch ate 
found tn <(ale stools atealwa^ssmaU unmucleated anti often have a ihsrl 
wall of brownish color 

I ysts of CAife laitix mer ifi ate often temon sb ped ant) are charatterwed by (he 
pt seoce of tib ds of the cystosome bes de the nucleus 

Cysts ot C\i dia nItsUn I r ate easily rreovnued by the r egg shaped appearance 
th y are about S'uit in I ngib fcomtnonW oui and with a can be seen the char 
acte i tic pair of curved deeply sUiaiog bodies loterpreted as parabasals usually a 
sphe tea! nuct t ate clustered at one end t ecthet with ihe flagcUa 

B j t fj / 1 Ao iiii IS notan unconnn n inhabitant vl the human mtesUne It h s 
soffleciaies been nu taken for cyst c ( tins f £ A i(«l li a U is spherical or oval in 
shape and m y measure from 5 4011 though usu tly u-i )> ft has a more deb ate 
cat u Ih n the cjtt wall { Fniaoofba and contains a very larpe vacuole which 
educes the cytoplasm ci a narrow ntn The ovaf narre w 1 ytr is diiferentiated and 
contains refractive granules and one 01 (note refractive nuclei Its different at on 
from the cysts of amoebae 1 stiU more slnVing ib at lA d preparations 

The dillerenliation of tbe pathopm c species of amoebae may in addition be 
tt mpted by animal inoculation as de cnbed n p 488 

DiScreottal Dtagaosts — It should bt borne in mind that jnfecuon 
with other pathogenic organisms may coe»i t parucularl) in cases with 
acute onset ot acute symptoms B dysenfenae shnwld be sought for in 
plate cultures made from the stools on btmus lactose agar The agglu 
tinative and bactetiolvlic leacUon ol tbe patients blood maj also be 
tested with B d)seftteriiie but this frequently fads lo give definite infer 
mation Djsentenc symptoms due to BofantidiKm colj or schistosomal 
infection of the intestine should also be excluded by microscopical cxamina 
tion of the faeces for the presence of the cdiate or ova of ScAufoiomo 
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utisuined cyji} appear in iht unat&ioed pare In tbt stained area the biclens Iittsl 
particles and the jntestmal yeasts (cxc^t the larger forms) Siam at once Against thf 
pink background the protojoan cysts stand out clearly as bright spherules which soca 
become tinged with the iodine to varyii^ tones of yellow while their giyco to hlW 
vacuoles when present turn light or dark brown according to their mass Theeaclei 
become mote clearly defined as the iodine penetrates especially in Etidimtha rati sad 
Snifamotta Jiijla/)lica They are detected with difficulty in this slam in Emfaliaoi 
Kana 

The c\sti should be looked form solid or semisoUd faeces Practically 
identification of C depends upon distinguishing c^sfs vnth the 

4 nuclei This is tiifFicuU m unfixed preparations and often impossible 
unless the preparation is mixed with dilute iodine solution or iodine 
eosin solution Chromidia! bodies should not be mistaken for nuclei 
In the case of strains which form small cjsts (5-70) differentiation from 
Efidelmax may be difficult and require fused stained films They must 
also be differentiated from Biattocystis 

Cysts are unevenly distributed in faeces and at* often sparse One should eiaffliM 
nulena) from several particles or prepare « homogeneous suspension from a eon 
siderabJe portion of tbe stool Dobell concluded that trsminitwii of a single tt«l 
would reveal cysts in only a third of infected casts and to exclude lofectwo with 
reasonable certainty 6 cxacmnations are requited Svensson and Linders demawt i# 
examuiations The conceatfation method ts of assistance Care should b* take" 
the part of tbe esamner to avoid infecting himself 

CotteeatratWB of Cysts —Faust (1950) and his associates have found a most wb* 
factory method of concentrating both cysts of protozoa and ova of norms by 
up a t-g mpeasion of faeces m physiobgicalsalt solution sirainingthrooghcheesecW n 
or wire gause and then cenlrifoging a cc m a Wossetmarin tube with water aaoeo 
(4S seconds at 1640 R P M ) The supemaUnt fluid is then poured off ,i "5 

of specific gravity 1 1 So (331 grams of 0 S P granular tine sulphate m a liter of 
wafer) added the sediment ttirred up and the tube centrifuged again The 
film IS then removed by means of a $ mtn wire loop or enou h more siac sulphates 
carefully added to form a tnetuxus to which tbe surface of a dean slide is touche 
The number of positives was nearly twiceas great as with simple smearsiti Fausts scries 

Differentiatton of Cysts —In the encysted stage m E <oh the nucleus 
with its coarser chromatm and eccentnC katyosowe is the chief nguf* 

distinguishing it from £ htUolyftca The mature cyst of £ contains 

usually 8 tiudei but before excystation it may lose some of its 
lo the number of i to 4 containing only 4 to 7 instead of the typical 
Aiso supernucleate cysts may occur Brooke (1940) *** study 0 * 
case found the average number of nuclei j«r supernucleale cyst to « 
approximately 15 , 

In E hisiohlica the chromabnof the nucleus consists of a small cen r 
granule tendosome) with many small granules on the nuclear membran 
while in jE colt there is a larger central granule (endosome) of chromatin 
which IS usually eccentric and there are many larger granules 
the nuclear menabrane Tn Jodammho butscbil tbe chromatin of 
nucleus is largely concentrated in a central karyosome and 
absence of chromatin granules encrusting the nuclear roembrace 
DtendamoebafrasiltJ there are no cysts known Frequently i nuclei 
present in the trophozoites 



difficuUies in obtaining a salisfactoiy a&tigen The serums of 90 patients 
at either the Mayo Clinic or the Vandwbilt University Hospital all 
harboring Endaviceba htslolyltca were tested for complement fixation 
nith a varietj of amoebic antigens The serums were examined inde 
pendently in the laboratories of the a institatiins There was general 
agreement in the tindings of the two lahotatones but owing to the use of 
multiple antigens one laboratnry obtained more positive reactions than 
the other Twenty nine o! the 90 ca«s or 51 pet cent gave positive 
complement fixation reactions 

While a few eases o> acute aaoebiasja gave a bighre peiceotage of positive results 

there nere MS'S in which tssuenasdemoastraud to have been invaded by £ kiiloI)lica 
m wb ch the reacuona were negative It seems obvious that consideraht improvement 
in the pttpatalwa of antigen wiU be necessary before the test can be considered of 
great value in diagnosis an 1 the value of the teactioa ascertaiaed 

TREATltEKT Ot AuOCBtC DSSENTERV 

Emeltne AydroiftforWc (CunnOiNttHCl) is the most effective drug 
in the treitment of acute amoebic dysentery and a number of clinicians 
with a wide experience still regard « as the standard drug for treatment 
^Strong ipxt Brown iqv$ deLangen and Lichtenstein 103$ and Sel 
lards 1937! DeLangen and Lichtenstein write that m spite of certain 
dangers and the fact that in a large number of cases emetine has failed 
to cure and to prevent relapses nevertheless this drug remains the 
greatest cootributioa towards the treetneat of amoebtasts that we 
have as in countless instances it cures the amoebiasis quicLly and thot 
oughly and in almost as many instances it slides each relapse completely 
In amoebic livers the drug works wonders It should be given during 
the acute tages of the disease to an adult m doses of 1 gram (0 063 gram) 
emetine hydrochloride m 1 cc of distilled water subcutaneously or 
intramuscularly once a day the drug being continued for a week or 
10 days Children should rev.eivne proportionately smaller doves not to 
exceed 1 tniUigtam (0 01$ gram) per Woof body weight per day Treat 
tnenl with this drug undoubtedly has saved many Uses The patient 
however must be catefidly watched for toxic symptoms and the margin 
between ihp therapeutic dose and the toxic dose is small Sellards 
cautions that the blood pressure should be taken before the adminislra 
tion of emetine is commenced as the earlier sign of the toxic action of 
emetine is a fall of blood pre»ure and in'^:ularity in cardiac action 
MacLte (1937) emphasizes that it is contraindicated in advanced myo- 
cardial disease and that It should be used with great caution if at all in 
the presence of organic heart disease The toxicilv oi emetine must be 
emphasiied The physician should bear in mind not only that the drug 
is poisonous but that it is excreted slowly bv the intestine and kidneys 
and that its action may be cumulatne Dale (1917) demooslraled 
experimentally that repeated doses of emetine produce cumulative poison 
ing in cats and rabbits andRo«en Martm David and Leake (1935) have 
confirmed this fact by experiments 00 guineapigs kilgore emphasized 
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Other Means of Diagnosis — In cases m which amoebae are present 
in small numbers in conjunction with the microscopic examination of the 
faeces attempts ma> be made to secure cultivation of the amoebae from 
freshly passed stools by the method described under “ Cultivation ’ 
page 483 St John, Cleveland and others, have emphasized the value 
of this method of diagnosis However McGrath and DeYoung (1936) 
hav e pointed out that the results obtained bj this method ma> at times 
be misleading Free living amoebae accidentally ingested with the food 
may also grow in such cultures Further experience is necessary to 
determine the practical value of the method 

Complement Fixation Test. — Craig has reported upon the use of 
the complement fixation test in diagnosis in which the serum of the 
patient is tested with an alcoholic extract of cultures of £ htslolyltca 
as an antigen A number of modifications of the test have been made 
In the earher CTpenments since in the cultures of the amoebae as well as 
in the material from the intestine containing the amoebae large numbers 
of bacteria were always present, it seemed possible that their presence 
might complicate the interpretation of the reaction 

Stone 1935 lias prepared a practically bacteria free antigen by evtraetmg «itb 
alcohol the washed cysts Craig reports that be has used this complement fiution test 
for 8 years OC ijoo individuals tested 17 5 per cent gave a posilise reaction and in 
69 per cent of these cases E ktsMyiica wasdemonstraied 10 the faeces Craig (1937) 
states that the complement fixation test should not be employed eveept as a check upon 
the results when U u possible to have the stools examined for the amoebae He points 
out that the reaction becomes negative after the elimination of the ufection 

Yamamoto (1936) has also demonstrated the existence of specific eompleiunt 
fixing substances in the sera of both acute and earner cases of amoebic infection The 
most definite results were obtained by the use of alcoholic and »o per cent cbolestennised 
alcoholic extracts of the amoebae He stales the antibodies gradually disappeared 
from the blood as cure takes place 

Chiraogawa (1936) by the use of an alcoholic extract of amoebae in cultures has 
demonstrated immune bodies in 93 cases of amoebic infection Spector (1936) found 
that the serum of persons hatbonng E iist^yhta which produce small cysts faCed to 
give positive complement fixation reactions with an antigen prepared from a large race 
whereas serum from persons harbonng the large race gave a positive reaction in almos 
every instance However Frye and Meleney {1938} found that 5 out of 14 persoos 
harboring a small race of E huMyfua gave a positive complement fixation reaction lor 
amoebiasis the antigen being prepared from a strain of the large race 

Paulson and Andrews (1938) investigated the complement fixation 
test m 150 cases which had been studied dinjcaUy and parasitologically 
These sera were submitted to one or more laboratories where the amoeba 
complement fixation test was being carried out with one or more antigens 
Positive results occurred more frequently amongst those individuals in 
whom amoebic infection had been determined microscopically than m 
others but the numerous falsely positive results showed that the test 
may be unrehable m an individual case It is hence only a diagnostic 

Mekney and Magath (1940) have made a further careful study of the 
value of this test in the diagnosis of amoebiasis They emphasize the 
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difficulties m obtaimng a sail Jaclorv antigen The serums of 90 pauenls 
at either the ^iIa>o Chmc or the Vanderbill t 3 m\«sily ^lospital aft 
harbonng Zndamotha htsto*itm were tested for complement fixation 
with a variety of amoebic antigens The serums were examined inde 
pendenlly \n the iabotaloiies of the 2 institutions There nas general 
agreement in the findings of the two labomtones but on mg to the use of 
multiple antigens one laboratotv obtained more positive reactions than 
the other Twenty nine of the 90 ca es or 3* per cent gave positive 
complement fixation reactions 

\\ bile a {«« of acute amoebuisi* gave k higher percentage of po itive resulti 

there wtrecaies in which tis uewa drinan iraie4toh#vebeetiinvadedby£ JuJiohl ca 
n which the leicUona were negative U seems obvMus that considetahle iraptovcmenl 
m the pteparaUQH of antigen will be neceisaiy before the test can he ctnsiderfd of 
great value in diagno » and the vatu of the Ractvon ascettauied 

fREAtitErt Of AUOCBIC DlSEhTERS 
Fmeltne Ajdro hloftde (Ci*II«Oif«ijHCl) is the most effective drug 
in the trsitoient of acute amoebic dysentery and a number of clinicians 
with a wide experience sliH regard it as the standard drug for treatment 
fSttong lojt Brown 1935 deLangen and Lichtenstein 1036 and Sel 
lards 19371 DeLangen and Lichtenstein write that in spile of certain 
dangers and the fart th it in a large nuiol er of caaes emetine has failed 
to cure ard to prevent relapses nevertheless this drug remains the 
greatest contribution towards the treaimpul of amoebiasis that we 
have as in countless instances u cutes the amoebiasis quickly and thor 
oughly and in almost as many instances it stifles each relapse completely 
In amoebic livers the drug works wonders It should be given during 
the acute stages ot the disease to an adult in doses of 1 gram (o 065 gram) 
emetine bydrorhloiide in i cc of di tilled water subculaneoody or 
mtratruscularl} once a di> the drug being continued for a week, or 
10 days Children should receive proportionately smaller doses not to 
exceed \ miUigtam (0 01 5 gram) per kilo of body weight per day Treat 
ment with this drug undoubtedly has saved many lives The patient 
however must be carefully watched for toxic svmptonis and the margin 
between the therapeutic dose and the toxic do e is small Sellards 
cautions that the blood preaute should be taken before the administra 
lion of emetine is commenced as the earlier sign of the toxic action of 
emetine is a fall of blood pre sure and irregularity in cardiac action 
Mackie (1937) emphasues that rt is contraindicated in advanced tnyo 
cardial disease and that vt should be used v vth great cautvon vf ai all in 
the presence of organic heart disease The toxicity ol emetine must be 
emphasized The physician should bear in mind not only that the drug 
IS poisonous but that it is excreted dowlv bv the inte tme and kidneys 
and that its action may be ciunulauve Dale (1917) demonstrated 
expenmentaftv that repeated doses of emetine produce cumulative poison 
\ng in cats and rabbits andTosco hlartio Davjd ardLeakefig 5) hate 
confirmed this fact by expenmenU on guineapsgs Kilgore emphasized 
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severe cases of peripheral neuntis after treatment with emetine and 
reported lo such cases 

The trouble generally manifested itself in general muscular pam and neatness 
cspecaffym tie fegs going on sometimes to paresis Unstand toe drop nere common 
The symptoms disappeared gradually on stopping emetine Belarco ‘^pebl and 
Collard Balfour and lyman Levy and Rowntree and Johnson and Murphv have all 
reported cases of poisoning due to emclme Johnson and Murphy had J deaths and 
S other cases of poisoning which they believed were due to the drug The fau! cases 
bad received m all 23 and ag grains of emetine each m divided doses Levy and 
Rowntree also report in detail 2 cases of poisoning first in a case of chronic amoebic 
dysentery the patient received ap gmns m 20 days and suffered Inm diarrhoea 
muscular weakness acute renal insufficiency followed by death The other an 
anaemic woman with pyorrhea alveobiis received 2 grains spread over 4 days and 
recovered after diarrhoea with blood and pus in the stools and totic delirium Th^ 
have collected 20 cases of poisoning from the literature which they have tabulated 
In 6 of these less than 10 grams were given All recovered except the first ease The 
symptomsincludeddiarrhoea with blood 4cases diarrhoea gcases peripheral neuritis 
S cases muscular paralysis 1 case muscular weakness i case purpuric eruption 
ica.se andloxvcdeUrium tease They point out that patients may differ markedly 10 
theif susceptibility to the drug and that the various commercial preparations 'at? 
widely m toxicity 

Shattuck has also emphasiaed the danger of poisoning from emetine and notes 
2 other deaths from the use of this drug — one reported by "ioca m 19*2 and one by 
Bats in 1923 

Intravenous injection should not be employed 

Pogeta considers (bat ty grams of emetine is a fatal dose for an adult man Hms* 
attributes the chief dangei m emetine to coatamiaaiion with strenilv toxic crpnalffl 
fie refers to the profoundly irntalive bcal action of preparations of emetine and W the 
depressing action on the heart and circulation after repeated small hypodermic doiei 
m animals deaths 10 emetine poisoning occurring from cardiac failure and the irritating 
effect on the gastro intestinal tract levy and Rowntree have shown by electro 
cardiographic studies that the cardiac irregularity produced in emetine poisoning is oue 
to fibrillation of the ventrictes from which the animals may recover Berman and 
Leake have shown by exj enmentson rabbits who were given lethal do es thatvenincu 
iar fibrillation occurs Epstein has also shown that it may act directly on the 
cardiura and may produce myocardial necrosis and degeneration Sayid (ipJi) 
reports 2 cases which developed severe auricular fibrillation after the use oI etnelinp 
one previously had mitral regurgitation but in the other the heart was apparent/ 

healthy Both recovered The consensus of opinion appears to be that emetine a s 

as an emetic but this effect follows only upon administration by the mouth In 
treatment 0/ amoebic dysentery it houfd 6e borne in mind that the diarrhoea pcodne' 
by large or prolonged doses of emetine may be confused v ith that produced by t 
dysenteric process 

All cases however do not by any means ^leld to treatment with 
emetine and relapses after the use of the drug in the doses adviscd m this 
article are not very uncommon Its cuirtive action often stands m 
direct proportion to Jts employroent early m the acute attack In cases 
with advanced lesions where there is much destruction of tissue an 
where secondary infection of the lesions with intestinal bacteria has 
occurred, its good effects are not so noticeable For emetine cannot cure 
such lesions It can however, destroy the amoebae responsible for the 

^^^'craie (1937) believes that emetine should be used onl> for the purpose 
of controlling diarrhoea or dysentenc symptoms for which purpose he 



states It IS unexcelled He however has found this drug often unsatis 
factor) for the elimination of the c>sts and treatment of carriers in more 
chronic cases In the treatment of 130 patients in which at least one third 
were given 2 courses of treatment with emetine in 81 per cent of the 
cases in which the amoebae were destroyed or disappear from the stools 
by treatment c>sts were later found in the stools within 40 da\s after 
cessation of treatment 

On account of the toxicity of the drug and its cumulative action if a 
second course of treatment with emetine is required to eliminate d>sen 
teric s>mptoms it is advisable to give a rest period of 10 days to 2 weeks 
before repeating the course of treatment 

Emetine Bismuth Iodide — Manson Bahr (1936) believes that the pri 
mary course of emetine should be supplemented by the double iodide of 
emetine and bismuth containing 26 per cent of the emetine alkaloid 
It is best given m hard gelatin capsules The maximum individual dose 
for an adult is one 3 gram (o 2 gram) capsule by the mouth given at 
bed time for 10 to 12 consecutive days Children and women should be 
given proportionately smaller doses The drug is an insoluble powder 
from which emetine is set free by contact with the intestinal juices 
Notwithstanding Us extreme slight solubility m the gastric contents some 
nausea and even vomiting may follow its administration hence it is 
adv isable that the patient should be in bed and that only a v ery light diet 
be partaken of a few hours before administration The drug is useful 
especially in persistent passers of E hisiolyttca cysts The writer has 
often prescribed it for travellers upon expeditions in the field The 
drug has been particularly recommended by Dale Low Castellani and 
many others Manson Bahr has found that in many cases the full 
course of 30 to 36 grains is not necessary or advisable and that it is often 
not necessary to administer more than 19 grains altogether In giving 
this drug the same precautions must be exercised as in giving emetine 
hypodermically More recently (194*) ui chronic cases he advocates that 
the dose should be reduced to 2 grains and should be given at 10 P M 
proceeded by one gram of phenobarbitone nightly for 10 nights and that 
this treatment may well be combined with 7 os rectal injections of 2% 
quinoxyl solution 

Ho ever many patients t eated by this d ug have not been cleared of the cysts 
Tu ne and Taylor who have treated 3*77 post dysente c patients encountered 366 
carries S ty sev n of these cleared p without treatment aiy were cleared of the 
cysts with emet n bismuth iodide and 84 failed to clear up 

Ma son Bahr (1936) belie es that the best results in tre traent may be obtained 
1 y combining this drug with y trea (see below) 

A more recent drug known as emetine penodide (E P I ) produced 
by Martindale is said to be less toxic than emetine bismuth iodide but the 
efficacy and effects of this drug have not yet been widely tested 

Many climciana have felt tlmt great caution should be exercised in 
the employ merit of emetine on account of its toxiaty and in recent y ears 
many attempts have been made to secure as efficient a drug for amoebiasis 
which IS less toxic than emetine and its compounds Certain oxyqmno 
line derivatives and organic arsenical compounds have been especially 
studied and employed 



lodtne oxyqutnohne sulphontc acid compounds have been widely used 
known as yatren (Bayer) sodium lodoxy quinoline sulphonate (chimofon 
USP), quinoxyl (Burroughs Wellcome), anayodin (U S A), and 
dysentulin (Germany ) These drugs contain about 26 per cent to 28 per 
cent of combined iodine, upon which depends their efficiency in treatment 
Chimofon (y atren) is supplied in pills or tablets each containing 0 25 gram 
(4 grains) and the dose for an adult is 3 to 4 pills, 3 times a day for a 
period of 8 to 10 days The full dose sometimes causes severe diarrhoea 
so that It IS recommended to commence with a smaller dose and increase 
it if It IS well borne The writer has had httle experience in the use of 
these preparations except with yatren when it was first manufactured 
However the drug has been widely used Muhlcns (1929) in Germany 
after 8 years of use regards it as the most satisfactory available remedy 
for the treatment of chronic amoebic dysentery and its sequelae, such as 
ulceratne colitis, membranous colitis and spastic obstipation It is 
recommended that the drug be given both by mouth and m enemas 
Manson Bahr believes that yatren acts best when the acute symptoms 
have been controlled by emetine, and m conjunction with that drug 
He believes m order to obtain permanent results yatren must be given 
by the rectum in the form of a rectal injection of 227 cc , (8 ounces) of a 
2 5 per cent solution of yatren, such an injection being given after a 
previous one, an hour before, of : pint of a 2 per cent sodium carbonate 
solution 

Craig (1937) believes that m the treatment of carriers chimofon 
(yatren) is the drug of choice He believes a single course of treatment is 
usually curative m earners without symptoms but the course may be 
repeated if necessary after an interval of 2 weeks has elapsed However 
rarely, more resistant infections have been encountered and he theo 
recommends such drugs as vioform or carbarsone 

Vioform (lodo chlor hydroxy quinoline) contains between 37-4* 
cent of iodine and about 12 per cent of chlorine It is dispensed in 
gelatine capsules each containing o 25 gram (4 grams) of the drug and 
one capsule is given 3 times a day for 10 days After an interval of 
I week the same dose is repeated for another 10 days This drug is said 
to be a more effective amoebicide than the other oxyqumoline derivatives 
It IS irntatmg to the rectal mucosa and cannot be used for retention 
enema ta 

Toxicity — ^These drugs are excreted in the unne and can be recog 
mzed by the oxyqumoline test a green color with perchloride of iron 
While they have been said to be non toxic abdominal colic headache 
diarrhoea, nausea palpitation and dyspnoea have been sometimes noted 
after administration of full doses Animals killed by a large single 
dose show some degree of liver necrosis Dyckerhoff has emphasized 
the damage done to the liver after yatren (chimofon) especially if it 1^ 
given intravenously The lesions bear a striking resemblance to those 
of subacute yellow atrophy as seen m arsenical and chloroform poisoning 
He earned out expenments in rabbits using a 5 per cent solution 0! 



}-atren In this strength in normal animals \ ery little change was noted 
If however by diet the gljcogen content of the liver was reduced then 
the jatren produced the lesions mentioned above He emphasizes that 
in man before use a careful preUrmaary examination and determination 
of tbe bdiiubin cofltent of the blood should be made The drug evidently 
should not be used if there is any evidence of hepatic or renal damage 

Among recent reports on tbe use of jatren Chopra Sen and Gupta 
(*937) treated 50 cases 57 9 per cent of those showing vegetative 
forms of amoebae in the stool were pronounced cured and 62 9 per cent 
of the cases showing cystic forms of the parasites Hakansson (1938) 
states that the records of well controlled results in the treatment by 
jatren have indicated a high percentage of failures to eradicate the 
disease Manson Dahr (1936) believes that a combined treatment ol 
jairen (by enema) and emetine bismuth iodide gives by far the best and 
most permanent results in treatment He has emplovcd such treatment 
m over 300 cases with only a rebpsea 

Another quinoline preparation has more recently been prepared dio 
doquin (5 7 duodo 8 hjdrozyquinohne) In this preparation the sodium 
sulphonatc radical of chmiofon has been repbeed with the second iodine 
atom forming a double iodine compound It hence contains an increased 
amount of lodme 63 9 per cent Tenny Silverman and Hummel (zQtp) 
and Craig (1040) have advocated its use The compound is prepared in 
tablets each containing o zx gram (3 3 grams) and the dosage is from 
7>io tablets per day according to the severity of tbe disease Craig 
zecomminds that the drug should be tried as a prophj lactic D Antoni 
(1943) has treated S4 cases ol amoebiasis with Diodoquin of which 8t 
were cured and there were only 3 failures of the drug to effect permanent 
removal of £ fritlal^liea 

With reference to the use of lodme compounds Castellani (1935) has 
recommended the use of iodoform in the treatment of subacute and 
chronic cases of amoebiasis After a light or fluid diet and a purge of 
magnesium sulphate the iodoform » given m keratinized capsules each 
containing 0 05 gram ( gram) i or 3 capsules 3 to 4 times daily for 
12 to 15 dajs After an interval of a week the course may be repeated 
Casiellam states the drug may also be given in enemas o * to o 3 gram in 
300 cc of water Scolti (1937) and Radna (1938) have also repotted 
favorably upon such treatment and with slightly larger doses No toxic 
sj mptoms w ere noted in some 28 cases 

Arsemc Compounds — Vanous compounds of arsenic have also been 
widely used for treatment but following their use acute or chrome cases 
of poisomng ate not rare sequelae Acetarsone (stovarsol) treparsol and 
carbarsone have been especiilly recommended Of these carbarsone is 
said to be less tosic and more actively amoebicidal Its use was particu 
btly advocated by Reed Anderson David and Leake and Johnstone 
(1932) This drug « absorbed from the gastro-intestinal tract and 
excreted in the urine It is recommended to be given orally in dosage of 
o 25 gram twice daily for 10 days and may be also used in 2 per cent 
solution for retention enemata In regard to its toxicity Anderson and 
Reed noted only one instance of carbarsone toxicity m 330 cases except 
for 7 cases having gastric distress Smithies (1934) however reports 
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4 cases of severe toxic reactions including dermatitis of the exfoliative 
tjpe larj ngeal and pulmonary Oedema faulty vision due to papillitis and 
retinal oedema oedema of the inkles and wrists and enlargement of the 
liver and spleen also in several other patients nausea and vomiting and 
aggravation of diarrhoea and m one patient a slight icterus With one 
exception these patients had taken small amounts of carbarsone onlv 
from 2 to 20 capsules fo s to 5 grams) Brown (1935) reports 2 cases 
of toxic erythema and r case of neunlis Epstein (1936) has reported a 
death due to carbarsone poisonmg which occurred after the administra 
tionof only o 083 gram per kilogram of body weight dunngiodays The 
patient was a woman 55 vears of age At the autopsy there was acute 
fatty degeneration of the liver and exfoliative dermatitis The kidneys 
showed some tubular necrosis Guinea pigs rabbits and cats which 
succumbed to toxic doses of the drug alt showed tubular necrosis of the 
kidneys Evidcnlh the use of this drug is contraindicated in hepatic 
and renal disease 

Hakansson (1938) has employed carbarsone m the treatment of 
35 inmates in an asylum for the msane and 10 members of the laboratory 
personnel and their families Ip the former there were 6 cases of acute 
amoebic dysentery and 29 earners In the latter all were earners 
Only one patient showed untoward effects with jaundice and glycosuria 
after the ingestion of o 5 gram daily for 20 days a total of 10 grams 
He eventually recovered Colic pains in the epigastrium were noted 
m one case and perhaps some of the insane suffered gastric and intestinal 
distress In the carriers even the small dose 0/05 gram 2 capsules 
dailv cleared the stools of £ Inslelyitca in 2 to 3 days The drug was 
given for 4 weeks to 4 cases of acute amoebic dysentery after the stoo^ 
had been cleared of E histolytica by larger doses In 2 cases it failed 
to keep the stools negative and m i case it did not prevent a return 
of the dysentery while the drug was being taken However the large 
dai y dose of o 25 gram per kilogram of body weight used in s instances 
of acute amoebic dysentery was strikmglv effective The blood and 
mucous soon disappeared from the stools The final results showed that 
in 20 of 35 treatments the stools were negative throughout the year 
while in 33 the stools became again positive during the year The 
author believes that in not a few instances reinfection had occurred 
He points out that even a large daily dose of o 25 gram per kilogram of 
body weight le 7 capsules dajy for an adult weighing 70 kilograms 
gii'en Sor 10 days niay lad to cure some carriers This same dose how 
ever may promptly relieve the dysentery and bring about a clinical cure 
and eradication of the infection ip some cases 

Other Methods of Treatment — Bismuth suintlrale has been used m 
years past in the treatment of amoebic dysentery However it has a low 
amoebicidal power Its value ip some cases has probably been largely 
due to the effect in controlling diarrhoea and bringing about chermca 
changes in the contents of the large intestine, sometimes detrimental to 
the bfe of the amoeba 



Reposts have also beea made ol the use of several alkaloids for the 
treatment of amoebiasis Among them are conessme from kurchi bark 
kurchi bismouthous iodide (anofrin) a glucostde obtained from Caslela 
nic/xofioiii rivanol a derivative of acridine and Brucea siimalrana from 
kosam seeds None of these drugs has had an estended use and their 
\alue has not been conclusively demonstrated 

In very serious cases particularly when gangrenous changes in the 
intestine maj be present the operation of appendicostomy has been recom 
mended following which a catheter is inserted and the large intestine 
irrigated with a r per cent solution of bicarbonate of soda to wash awav the 
mucus and later with a bone acid solution Castellani and Muller also 
recommend appendicoslomj and imgation in gangrenous cases Phillips 
however is not enthusiastic in regard to this treatment and points out 
that its success has not been very great in manj cases Ross states that 
appendicoslomj did not giv e encouraging results during the World War 
General Treatment — Patients with acute onset or acute evacerba 
tions of the disease should be confined to bed In the most severe forms 
when verj frequent bloody mucous stools are being passed the diet 
should at first consist of nothing but nee or albumin water Later milk 
may be added Rest is most essential and for this hypodermic injections 
of morphia sulphate gr i^tgramooifi) may be given every 3 or 4 hours 
Its use should be pushed if necessary Local treatment in this stage is 
contraindicated but treatment with emetin should be immediately com 
menced Apart from this the essential point is to secure rest for the 
patient and for the acutely tnflaraed bowel If this can be accomplished 
the condition usually improves If the patient be seen before the symp 
toms are very acute a saline purge may be given but if the severe symp 
tomshavesetin thisisconcramdicaled McCayfigyS) justlyemphasizes 
again that the old purgative treatment in acute cases of dysentery by 
giving drachm doses of magnesium and sodium sulphate every 4 hours 
orso until the stools become completely watery iswrong that an inflamed 
organ should not be stimulated and that the bow el needs to be given rest 
with opium and belladonna so that the lesions can be given time to heal 
Where any intestinal irntation evisls the diet should be restricted and 
not until the stools appear perfectly normal should general diet be per 
mitted In cases of moderate seventy it is often adv isable not to confine 
the patient entirely to bed for the reason that patients arc likely to regain 
their strength better when up Abdominal pain may be relieved by 
turpentine stupes and hot fomentations or if severe opiurn may be 
administered When ulcers exist in the rectum and there is much tenes 
mus local treatment with argyrol or some other astringent or antiseptic 
sub tance may bt applied through the speculum after the administration 
of a small enema containing cocam or morphm Manson Bahr and Gregg 
(igti) have employed the use of the sigmoidoscope both as an aid to 
diagnosis and to treatment in amoebic dysentery Enemas of starch 
and opium sometimes have a very soothing effect In connection with 
treatment radioscopy has sometimes been employed in determimng the 
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locabzation of the larger ulcers bismuth sub nitrate being administered 
for several days before the photograph is taLen ith the hope that it will 
localize particularl> m the lesions 

Manson Bahr (1940) zepoits that \ ray diagnosis has been tried on 
an extended scale at the Hospital for Tropical Diseases in London Occa 
sional filling defects are obscr\cd in the caecum but similar appearances 
are seen in other forms of djsenterj and colitis lie adds ‘ It is dis 
appointing to record that onlj unsatisfactoT> assistance can be obtained 
by this method for diagnosis of the infection ’ 

If anemia is advanced, some iron preparation is necessary and where 
there is lassitude and anoreria a course of sir} chain is often of value 
Dunn has reported cases of dysentery which after prolonged courses 
of unsuccessful treatment by various drugs and other forms of treatment 
were put upon a full diet rich in vitamins and which almost immediately 
began to increase m weight and all symptoms of the disease vamshed 

Prophylaxis 

In prophylaxis one should consider the sections on the Mode of 
infection and spread of the disease by thecystsoftbepara^ite descnbed 

on p 491 and the Resistance of amoebae to physical conditions and 

chemical substances ' p 490 

The cysts do not survive when thoroughly dried Hence infection 
occurs when they are in a moist stage and there is considerable evidence 
that amoebic infection is often waterborne As ordinary chlorination 
of drinking water does not destroy the cysts, in the tropics drinking water 
should be boiled However thorough sand filtration will eliminate the 
cysts from water In view of the danger of wide spread outbreaks of 
infection due to defective plumbing such as was recently dramaticall} 
illustrated in connection with certain hotels in Chicago there should be 
more careful inspection provided for by public health officers and sanitary 
engineers of the plumbing of hotels railroad stations and other public 
buildings The plumbing hazzards in connection with this epidemic of 
almost a thousand known cases were found to include back syphonag^ 
from sanitary fixtures to the water hnes leakage of sewer pipes into base 
ments and even cross connections between sewer pipes and water pipes 
made by careless or ignorant plumbers 

Raw vegetables such as lettuce radishes, strawberries etc or other 
foods that may have been exposed to faecal contamination or to flies 
should be avoided Such vegetables in countries where there is use o 
mght soil for fertilization or which are grown on ground more or less 
public and subject to ordinary polution are usually dangerous Laws 
should be enacted against the use of human excrement for fertilization 
Chandler found in parts of India that it was customary to soak uncooked 
vegetables in a potassium permanganate solution for an hour but it was 
very difficult to see that this was earned out efficiently by native cooks 
All food should be protected from flies and cockroaches and these insects 
should be destroyed as far as posable 
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There should be proper sanitary disposal of excreta and it is important 
that stools from cases of amoebic dysentery should not be left uncovered 
where flies may reach them but immediately treated with cresol 

Transmission by the hands of earners to food is probably not common 
and careful scrubbing of the hands with soap and water will probably 
ebminate the danger a carrier may be Nevertheless it is inadvisable 
that c>st carriers should be employed as cooks waiters etc and they 
should not be retained as servants until attempts have been made to free 
them of the cjsts by treatment 
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Chapter W 

LIVER ABSCESS AWD OTHER COMPLICATIONS OF 
AMOEBUSIS 

\bsce$3 of the liver is cue of the roost frequent and serious complica 
tions of amoebiasis T!ie condition his been Wnown since nncient times 
and Hippatratcs reported surgical treatment Galen obsencd its 
assocmion With djsenter> Koch lo jeats after Loesch (1875) had 
repotted amoeba as the cause of djscnterj in man found the organism 
iflthcpusffoniapalientdyingniJhtropicalabsccss oitheJiver Kartulis 
also in 1887 noted the presroceof amoebae to InerabscesspusaadOstet 
m 1890 found amoebae in a liter abscess and w Ibe faeces of a case of 
djsentcr) m the United Stales Its incidence vanes an different localities 
Councilman and Laffeur who analyzed 1439 cases of amoebic d>senter> 
found 2t percent complicated by abscess of ihelivcr Ho«r*vet Kartulis 
encountered jj per cent of 500 fatal cases m Egypt vilh amoebic abscess 
0/ the Iner btrong and \tosgia%e m the Ihilippme Island in too 
autopsies largely upon Americans found absces of the liter w ai per 
cent nhilc Clari in Panama in a senes of {S6 fatal cases found abscess 
of the liver in iier cent Since the introduction of eSieient treatment 
for amoeb c cfj8<nter> it has become a rarer cemplicatioft Brown and 
Hodgson >’1938) emphasize that it is rat» m the north lemperatp zone 
Tao <to3j) m China in i ooo cases of amoebic dysenterv found only i S 
per cent vith liver abscess and Craig (19^4! in 745 cases found 5 per 
cent with liver abscess 

Geographical Distnbubon —The distcibuMon of 1 ler abscess of the 
type known as tropical abscess and more common sn warm countries 
coincides with that of anoebic dysenterj It is partictilariy prevalent 
in those centers of amoebic vnfeciioR in the tropics w here there are roanj 
white men having Utile knowledge of the conditions necessary for the 
maintenance of health In liver abitcess as with blackwater lever it is 
education rather than acchroatiration Unt bnngs ibout a dimmution of 
the incidence 

Forseve al years subsequent to the American occupation of the Phibp 
pines amoebic dysentery and bvti abscess were common but in more 
recent years Uvei abscess fans become rare in Americans and amoebic 
dysentery much reduced m prevafcooe More temperate hviog raay 
afford less deposition of fat in the liver and grt^ter resistance to infection 
Then too the more precise diagnosis and snore scientific treatment of 
amoebiasis during the present rentucy have contrebuted '■noimously to 
this lowered rntvdence of amoebic abscess of tbt liver 
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EnOtOCY AND Epioeuiology 

Etiology — The dislodgment of amoebae containing malenal from 
amoebic intestinal ulcerations and the plugging of the porta! capihanrs 
b> such emboli maj constitute the starting point of a liver abscess The 
exciting cause is EnSamoeha htslei)ttca which in the Iner produces a 
gelatinous necrosis similar to that m the submucosa of the large intesUne 
or appendix This pathogenic amoeba is fully described under amoebic 
dysentery in the previous chapter 

Epidemiology — Statistics 10 regard to obtaimng a history of amoebic 
dysentery m Uv er abscess cases are as follows 


500 cases of abscess trith history of dyseotery in 6o per cent (Kartulis) 

444 59 per cent (2aDcareb 

500 per cent (Kelscb and Kiener) 

63 po 5 per cent (Rogers) 

38 ' 83 per cent (Seamens hospiUl 

autopsies) 

so ' 60 per cent (fUausofl Sihr) 

The liver abscess may develop at any tune during the course of the 
intestinal infection Not uncommonly it occurs after all symptoms 0 
dysentery have ceased for a long period of time or indeed, sometimes 



Fic 131 — Large schtarr amoebic abscess of tbe 1 v 
before any noticeable intestinal symptoms have developed lo 
of the fatal cases of h ver abscess there have been no evidences of intestm 
lesions at autopsy and no history of dysentery dunng life In ^he mayo 

ity the abscess becomes evident in the first month after onset of nyseni / 



LIVER ABbCtSS AND OTHER COUPLICAIIONb SJ? 

Amoebic liver abscess is e*teediiigly rare among children under 
lojearsofage andprobablj iotiincsless«>nimon among women than in 
men However amoebic dysenterj is not uncommon among women 
It IS proportionately rare among natives Thus in the native army in 
India the proportion ol deaths from liver abscess to the total tnoitalitj in 
1804 was only 0 6 per cent whereas 10 the Bntiah Army it was 7 4 per 
cent Man for man the lelativt bability of the European to the native 
soldier was 95 a to 4 8 Manson Bahr 1040 points out that this dis 
proportion holds in spite of the fact that a larger proportion of the native 
soldiers are infected with E ktsiolytua 

Of 40 cases of bver abscess Waring noted intemperance in 67 5 per 
tent and authorities generally insist upon the importance of the exces 
sive use of alcohol as a predisposing factor Other dietetic excesses and 
exposure seem also to predispose to the condition 

\s to the proportion of cases of amoebic dysentery which give rise to 
liver abscess only the statistics of those who have differentiated between 
bacillary and amoebic dy senlcry are of any value Such statistics would 
indicate that about 0 per cent of the cases of amoebic dysentery are 
complicated by liver abscess 

Tb« incidesce of liver sbs «is m (be 6 ■( sb troops u ladia for 40 years has been 
repoiied u follows 


i 

' Li rr abscess rate per 1000 | 

' Destbs per loee 

1697-1900 

1 so 

1 41 

9 7-1909 

( 60 

0 75 

191^1919 

0 7«S 


1910-19(4 

osi I 

0 164 


Patsoioov 

The most common seat of the abscess is the upper and posterior po Uon 
of ibe right lobe Ordinarily only one such abscess is found but in at 
least one third of the cases the abscesses arc multiple 1-3 or more large 
cavities beingpresent Rarely several hundred small abscesses may occur 

It seems to be clear that the amoebae usuaUy invade the liver through 
the portal vein and are carried by way of the upward current into the 
liver locahaing in the liver capjianes Tbe parasites are frequently 
found l> tng in the veins of the subtnuoosa and m the portal capillaries and 
veins It has been suggested that another method of Irarsmission may 
occur and that direct infection of the anterior surface of the bver may 
sometimes take place the amoebae passing from a deep seated ulcer in 
the hepatic flexure through the peritoneum and anterior surface of the 
liver In a few instances abscesses have been found on the anterior 
surface of the liver suggesting such an ongin It has also been sug 
gested that the amoebae might possihly gam entrance bv way of the bile 
duct However bile is toxic to amoebae also it is not probable that 
amobae would be present in the unaU intestines la the locahiy of the duct 
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In man> instances before suppurative lesions have occurred there 
rnaj be a general congestion and enlargement of the liver This my be 
confined to one lobe or even to part of a lobe In cases which have sue 
cumbed from the accompanjing d}S(.nter>, nodular areas weasunni 
from one to several centimeters and gravish in color may he detected 
Thej represent earlj areas of necrosis In other instances the necrosis 
15 more advanced and in the center reddish gummy orliijujd pus is pre ent 
The larger abscesses are formed by massiv c necrosis of portions of the wall 
and partly by the formation of softening of additional foci m the neighbor 
hood and subsequent breaking down of the intervening septum Th« 
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character of the pus changes becoming more liquid during the evolution 
of the abscess 

In dbout 50 per cent of the 4bscesse3 bacteria may be obtained by 
cultivation when sufficient material is inocuhled The remainder are 
apparently sterile m regard to Rucroorganisms except for the presence 0 
amoebic Staphylococci scr^fococci and colon bacilli are nor mhe 
quently encountered It is obvious whv b«:terial infection so frequent > 
occurs, as these organisms hav e probably the same opportunity for entering 
ihehverastheamoebae Undoubtedlv thepuscocci whenpresent exM 
injurious influence upon the hepatic tissue but there tan be little don 
that the amoebae play a most important part m the formation of ® 
ab cess This is demonstrated by the very diflertnt character of t 
amo'^bic and pure bacterial vanetv of abscess The smaller amo* 
abscesses consist of thick glairy ycUowi^ masses ot mucus which are no 
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fluid In the hrger abscesses the contents are more liquid and of a cream\ 
gelatinous purulent consistence In color thc\ are >ello\Msh gra>ishred 
brownish red or greenish from the adjacent muture of bile hrequentlj 
shreds of necrotic li\er tissue are mised with the fluid portions Micro 
scopicallj oneisstruchusuallywiththeabseoce or presence m small num 
bers only of polymorphonuclear leucocytes The contents consist of 
granular material containing fragments of cells sw ollen degenerated In er 
cells red blood corpuscles fat globules cholesterin crystals and amoebae 
The latter are sometimes difficult to find in the pus but can almost in\ ar 
lably be obtained in scrapings made from the abscess wall In the 
abscesses m which no bacteria are found microscopical examination 
shows that the amoebae ha\e apparently given rise to the necrosis and 
liquefaction of tissue without any \cr\ pronounced mflammatory reaction 
The contents of such abscesses consist chicflv of the debris of liver tissue 
with relatn cly slight admixture of leucocy tes In the earlv In er abscesses 
many liver cells can still he seen There is oedema of the surrounding 
tissue The amoebae arc found in the edge of the living tissue and there 
are a few mononuclear phagocytic cells in the vicinity Later the 
necrotic lining of the cavity loses its recognizable constituents and shows 
only a mass of nuclear fragments with a few leucocytes Councilman 
and Lafleut have also desenbed a widespread necrosis of the liver cells 
situated around the central veins of the lobules and scattered throughout 
the liver They sugge ted that this was due to soluble chemmal products 
of the amoebae The striking feature is the absence of leucocytic infiltri 
lion which usually accompanies suppuration of bacterial origin The 
amoebae are often found only in ihe margins of the living and not m the 
necrotic tissue unless the abscess has been opened to the air MacCdlluro 
points out that this i$ because of their n*wd of oty gen and he emphasizes 
that when an amoebic abscess is first opened frequently no amoebae are 
found in the pus until Uie following day After the cavity has been 
exposed to the air however the pus may be full of active amoebae The 
abscesses may reach a large sire before rupture or evacuation occurs and 
may contain several liters of pus Large areas of liver tissue are thus 
entirelv destroyed leading sometimes to functional disturbances 

SySIRTOUATOtOCY 

Clinical Course— The liver abscess may develop so insidiously that 
It IS frequently overlooked and perforation may be the first indication 
It should be borne lO mind that with amoebic liver abscess there is not a 
single symptom that is constant and proof that the liver is involved mav 
be very doubtful The general condition and appearance of the patient 
with the progress of the case rather than any single clinical symptom 
olWn vvig?tsV iht iragnosis wtoiii may sometimes be confirmed by 
aspiration A history of previous dysentery may suggest the condition 
but an absence of such a history cannot exclude the diagnosis of Jner 
ab ces It the onset is acute the diagnosis may be simplified Rogers 
recognizes a condition which he terms thepre suppurative stage of amoebic 
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In many instances before suppurative lesions have occurred iKete 
may be a general congestion and enlargement of the liver This ma) he 
confined (o one lobe or even to part of a lobe In cases which have sue 
cumbed from the accompanying dysentery, nodular areas measurmi 
from one to several centimeters and graynsb in color mav be detected 
Thej represent early areas of necrosis In other instances the necrosis 
IS more adv anted and m the center reddish gummy or liquid pus is present 
The larger abscesses are formed by massive necrosis of portions of the wall 
and partly by the lormation of softening of additional foci in the nei Ebor 
hood and subsequent breaking down of the intervening septum The 
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character of the pus changes, becoming more liquid during the e\ala(iaa 
of the abscess . 

In about 50 per cent of the abscesses bacteria may be obtained oy 
cultivation when suflinent niatcnal is inoculated The remainder ate 


apparently sterile in regard to microorganisms except for the presence 01 
amoebae Staphylococci streptococu and colon bacilli are not mite 
quently enrountered It is obvious why bacterial infection so frequently 
occurs, as these organisms hav e probably the same opportunity for entering 
ihelivcraslheamoebac Undoubtedly thepuscocci whenpresent 
injurious influence upon the hepatic tissue but there can be little ooj 
that the amoebae play a most important part in the lormation of V e 
abscess This is demonstrated bv the verv different character of tne 
amoebic and pure bacterial variety of abscess The smaller amoe i 
abbesses consist of thick glauy ydlowsh masses of mucus which are n 
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or it may progress so as to cause bulging on the right side Occasionally 
a swelling may be observed over the sixth or seventh rib The move 
ments of the right side of the chest during respiration may be limited 
and the nght rectus may show rigidity Radioscopy may also reveal 
fixed diaphragm on the nght side Percussion and auscultation frequently 
give no information of the condition though if the abscess is large per 
cussion may reveal an intreast in hepatic duVncss Friction may be heard 
over the liver when the peritoneum is involved Crepitation at the nght 
base of the lung with dry cough and shallow respirations may suggest 
the condition 

The blood examination usually shows a moderate leucocvtosis of 
from II ooo to loooo or even more cells p«r cubic millimeter 
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The relative leucocyte count may show an increase in the polymorpho 
nuclear leucocytes Manson Babr (1936) in his series of cases found 
the mean average of thedvSeientialcounttobe^o Bpei cent polymorpho 
nuclears 32 2 per cent lymphocytes 6 per cent large mononuclears and 
I per cent eosmophiles 

Functional disturbances have been suggested as sometimes being of 
assistance in determining the presence of hver abscess However the 
results recently obtained with the biomsulphalein and other liver function 
tests as an indication of hepatic disease and bver abscess have frequently 
proved unsatisfactory Brown found the bromsulphalein test indicated 
liver damage in 8 of 13 of his cases of abscess 


53° 


SYMPTOUATOtOGV 


hepatitis in which amoebae from djsentery lesions have lodged in the 
portal capillaries of the liver, b«t in which actual abscess formation has 
not taken place There may be a low remittent fever and a leucocjtojs 
in vvhich polymorphonuclear leucocytes are but little increased m per 
centage At this stage Rogers believes that the disease may often be 
cured by emetm and liver abscess avoided The differential diagnosis 
between the presuppurative and the suppuratn e stages is houever often 
very difficult to obtain without punctunng If chills and sweating are 
present and the condition does not improve by emetm suppuration may be 
suspected 

Fever, pam enlargement, and functional disturbances are the more 
frequent indications of hver abscess and may point to the adnsabilit} 
of exploratory puncturing and discovery of the pus Fever is usually 
present at some time but is often insufficient to attract attention Some 
times It IS irregular, from loo® to io2®F and it may be septic in type 
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Fio laa —Temperature chert cl 3 iver ebsces* 
rising in the evening to 103® or 104* CbilU and sweats may occur, and 
the symptoms more or less closely simulate those of malaria The con 
junctivae are sometimes slightly tinged with yellow Distinct jaundice 
IS rare Persistent vomiting may occur The skin frequently assumes 
a sallow color and becomes pale and yellow The facies may suggest the 
diagnosis In certain cases emanation occurs rapidly m others the flesh 
is w ell retained The appetite usually disappears and the tongue becomes 
coated Albumin may appear in the unne together with an excess 
of urobilin and of nitrogen ebminated as ammonia Pain is a variable 
symptom Brown (1938) at the Mayo Clmic, has found pain in the right 
lower thorax the most frequent symptom It may occur m the riobt 
shoulder when due to irritation of the branches of the phrenic nerve or 
over the hypochondrium or epigastrium Brown found it m the right 
shoulder m 8 of his cases and m the left in one Van Gorder and Chen 
1931 in Chinese cases noted pam m the nght upper quadrant as the most 
common complaint in 39 of 48 cases When not present spontaneously 
pain may be elicited on pressure over the liver Enlargement may be 
detected by physical examination or by radioscopy The enlargement 
IS usually upward and may reach as high as the angle of the scapula 
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progDosis IS fairl> favorable Hodson recently has reported two cases of 
li\er abscess which had ruptured through the lung m which the patients 
recovered at once after treatment with emetio Rupture into the pen 
toneal ca\ it> and pericardium is practically alwaj s fatal Sambuc found 
that m his cases where only one abscess was present the mortality was 
23 percent with 2 abscesses 4spercent withjabscesses, 9operccnt and 
with more than 3 100 per cent 
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Propb^laxis 

Tropical Hepatitis and ' Tropical Liver ’ — Although the statistics 
would indicate that a history of amoebic dysentery had been obtained 
m only from 60-90 per cent of cases of h%er abscess yet when we consider 
that amoebic lesions of the large intestines have been frequently noted at 
autopsy in those who had never shoivn symptoms of dysentery during life 
the evidence inclines one to believe that amoebic lesions of the large 
intestines or appendix were at some time a factor in the production of the 
liver abscess Consequently a history of amoebic dysentery is one of 
the most important points to consider in the making of a diagnosis of 
tropical liver abscess 

There is also much evidence to be obtained from statistics and other 
wise to support the view that amoebic and other infection of the liver is 
much more likely to occur in a person whose liver has already been 
functionally impaired To this condition the designation tropical con 
gestion of the liver or simply tropical liver has frequently been 
appbed There is much to support the view that m the tropics the 
intestines and liver probably more often take the brunt of those conges 
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Dmcnosis 

An absolute diagnosis can often only be made bv aspiration and finding 
the amoebae jn the pus A needle having a su/Ucientlj large cahberto 
transmit the thick pus shouW be used the punctures being made through 
the skin or er the sospetted point or points 

Pus/rom liter abseesttt ischandtmed bj'ib »ery viscid tenacious consiitenc* snii 
chocolate brOMo color It js usually streaked or mired »iih fresh blood in 
degrees Rarelj it is creamy and yellow Tins pus gives to (lier/Hramits anciovy 
sauce appearance in cases in which the abscess nipturrs into a bronchus \lino 
scopically such pus consists lan.cly of gramilar cellular defntu! red blood cells and 
occasionally large phagocytic cel's and a fen leucocytes Pus cells houeier are usu 
ally sparse or absent unless there is secondary baclertal rofeelion Jt may contain 
tholesterin baematoidin or Charcot Leyden crystals Jlotileamorbaeipaybeiinniff 

ous but are usually parse or absent in malerul obtained by aspiration or in the di 

chirge for a few days after drainage has been established Cysts arc never found 

r*oc\osis 

The outlook before the discover) of more appropri ite treatment nas 
usuallj grave and the mortalitj m the tropics was genera))) over 39 per 
cent Under surgical treatment usua)l> not mere than one third reco' 
ered flonevcr owing (0 (he use of emetine in the treatment 0/ amoebic 
d>sen(erj and liver abscess particular!) to jts pre suppurative sWfff* 

anti the improved surgical methods for evacuation ofpus and drainage the 

mortalit) has been preatl> reduced Thus Cort among 530 cases of 
araoefatasts in Siam reports 07 cases with amoebiasis of the liv er with hat 
one death All were treated nith emetine the large abscesses being ajio 
Kpiratcd \an Gorder {et al) observer/ a mcrlalttj of ao8 per cent hiv 
4S cases) The mortabt) m the ag operated cases was ja per cent and 
m the 33 non operated cases g o per cent Brorvn, who operated upon 
18 cases at Rochester had but two deaths AiJ 0/ the others recovered 
after operation and anti amoebicidal treatment There are some phvsi 
ctans who regard emetine as showing an almost complete specificit) for the 
amoeba lodging m the liver capillane> and claim httJe morfalitj from the 
use of emetine alone but it stands (o reason that the evacuation olan 
abscess as a stage of the treitment must favor the convalescence and 
restoration of the liver to its satisfactory functioning It is with thesoh 
tary abscess of the liver that we get ourlovrcst death rate — with multiple 
abscesses this increases Spontaneous rupture of the absce 3 frequentb 
occurs if the patient lives long enough and is not operated upon This is 
most common into the loner lobe of the right lung Rupture ^ntoiht 
abdominal cavitj causing general peritonitis is also frequent Cvrs 
statistics of 159 cases show that rupture occurred into the lungs in 59 
the pleural cavity in 3/ into the pentoneal cav itv m 39 in*o the irtesUne 
m8 into the stomach in 8 into the vena cava in 3 into the kidney’s in ^ 
into the bile ducts in 4 ralo the pencardium in r, cTternaJJ) m 2 In' 
duration of hv er abscess is very vanable being from a few w eefcs to man) 
months In those cases in which »he ibsccss ruptures into the lung me 
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The prophylaxis of amoebic disease of the In cr is the same as that for 
amoebic djsentery plus avoidance of anything which reduces the func 
tional power of the liver such as over feeding alcohohc excesses etc 
It IS well to remember that abscesses may occur months or even 2 or 
3 jears after an attack of amoebic dysentery consequently it has been 
suggested that if there are symptoms suggesting hepatic involvement 
treatment with emetine should be considered There is nothing so 
important in the prevention of liver abscess as accurate and early diagnosis 
of amoebic colitis and its intensive treatment by every means at our 
disposal Liver involvement may follow vanous diseases and malaria 
may be coexistent so that in addition to avoidance of excesses and 
chilling of the body any other disease processes present should be treated 
promptly Judicious exercise before sunrise is usually more important 
than the taking of purgatives For treatment see p 539 


OlltER COMPUCAtlONS 

Abscess of the Lung — Next to the intestine and liver the lung is the 
organ most frequently invaded The abscess may be secondary to one 
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in the liver opening into the lung or a primary abscess of the lung may 
occur independent of hepatic abscess The amoebae may also mvade 
the lung from the hepatic veins and the abscess may result in this manner 
rather than by direct extension of the process from the liver Bunting 
was able to trace emboli containing amoebae from a thrombus m the 
hepatic vein which also contained them and to show that this embolism 
of the pulmonary arteries had produced an amoebic abscess of the lung 
\moebic ulcers of the intestines had at the time already healed The lung 
abscess is similar m character to that of the liver Rupture of liver 




534 


TROPICAL L1\ER 


tions which in temperate regions are borne more by the thoracic organs 
In temperate climates, excesses and exposure to debilitating influences 
ma> result in corjza or pneumonia In the tropics, they frequently 
result m diarrhoea and congestion of the liver 

Tropical liver may be recognized b> vague digestive troubles, high 
colored unne loss of energy, trritabibty, with a sensation of fullness in 
the region of the liver which is generally described by the patient’s state 
ment that he feels his liver There may be pam referred to the right 
shoulder and the liver may be tender on palpation 

Manson in earlier years in the Far East probably came frequentlj 
into contact with this condition Apparently repeated hyperaemicattacb 
and engorgement of the liver might constitute the first step towards a 
hy-pcrtrophic cirrhosis which, however, was frequently never materialized 

Manson summed up, in earlier vears his studies with the following 
passage 

The jouag Europeaawho finds himself in the tropics for the first limeissurroundeil 
very often by luxuries in the wsy of food wine carmges and servants— luninei w 
which he has not been accustomed perhaps m his home At first the change we 
excitement of novelty and the high temperature act as slimuUats to appetite and the 
excessive loss of fluid by cutaneous transpiration creates a powerful thmt Ww 
wonder therefore that m such circumstances the youth having the appetite and the 
opportunity of gratifying it is apt to indulge m food and drink beyond safe phyiiolog^al 
limits He IS made laay by the heat he cannot exercise during the day and wbea 
evening comes prefers lounging on the verandah or banpog about the club bar to 
walking or riding or games \ ery likely he sits up late at mgbl drinking and stnoxwi 
to that 10 the morning be is too sleepy to nde out or to take aoy other form of exere*** 
And to It comes about that with a surcharge of aliment and alcohol and tbethninisMg 
activity of lung metabolism and excretion incident to Ibe high temperature and muinil* 
inactivity a very large and unusual amount of physical work is thrown on the uvh 
W ith the large amount of work there u a corresponding hyperaenua This may 
considered the first stage of tropKal liver— hyperoemia from functional inactivity np 
to this point It is a purely physiological conditioo Pushed a step further this pnj^ 
lological byperaemia passes into congestion with blood stasis and a consequent 
tion of functional activity Hyperaemia of a physiological type will ^ 
by an increase of functional activity and there will be a copious flow of bile son 
times causing diarrhoea of a bilious character particularly morning diarrhoea 
when the limits of physiological hyperaenua are passed and congestion of a . 

character sets in the consequent arrest of function will be evidenced by pale * ® , 
perhaps diarrhoea of a pale watery frothy fermenting character Other sympto 
this condition are headache furred tongue scanty high-coloured loaded urine ***** 
of weight or fullness or even of pam in the region of the liver and a probable eiten 
of the area and other physical signs of enlargement of that organ 

Tropical liver among the upper classes of the Far East as gout in 
the United States and parts of England is a condition which the 
practitioners of today probably will much more rarely be brought m 
contact with / 

By the discontinuance of alcohol and of the daily consumption 
large amounts of rich and highly spiced foods with treatment by p o® 
phate of soda or sodium sulphate together with general care of the hea 
and exercise the patient may often recover completely and the predispo- 
sition to abscess avoided 
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earlier stages m which the pia, matter iiia> be affected distended and 
thrombosed vessels are seen with some oedema and amoebae in fairlj large 
numbers There ma> be leucocjtic invasions of the tissues beneath 
and initial softening with haemorrhages As softening takes place a 
cavit> IS gradually formed the contents consisting of broken down and 
degenerate nerve tissue which sometimes occurs in masses connected 
with the thrombosed \ essels The fluid is usually sterile bactenologically 
though both aerobic and anaerobic organisms have occasionally been 
isolated The symptoms of amoebK abscess of the brain do not diSei 
asarule from those of cerebral abscess produced by bacteria andtheywill 
therefore not be considered here in detail Headache is very severe and 
lumbar puncture may not relieve it Meningitis occurs only e«eptionall> 
and hence lumbar puncture generally yields a clear fluid 1 he tone 
evidences of the suppuration are not prominent and there is usually 
little or no ev idence of intracranial tension The disease advances ranidlv 
and death usually occurs from the siTth to the eighth day after onset 
The patient loses consciousness and coma rapidly develops In the cases 
reported by Runyan and Herrick death occurred within 48 hours When 
the abscess bursts into the ventricle the course is very acute Con 
vulsions may occur and the temperature may rise In Zancarol s case 
the flrst sign was a sudden attack of mania In others coma may sud 
denly develop without preceding symptoms Cases have been recorded 
m which the onset has been sudden with signs of Jacksonian epilepsy 
The diagnosis of the nature of the abscess is frequently difficult The 
history of previous dysentery or the presence of amoebae or cysts in the 
faeces may suggest the diagnosis Lumbar puncture and ophthalmoscopic 
and blood examinations may assist in excluding cerebral lesions due to 
syphilis middle ear disease other septic conditions or meningitis 

Pentomts — ^Local peritonitis may result from extension of inflamma 
tion from the ulcerations in the intestinal wall until the peritoneal coat is 
invaded with deposition of lymph fibnn and other inflammatory products 
on the surface Patches of fibrous adhesions are frequent m chronic 
cases and it is the rule to find old localized areas or chronic adhesive 
peritonitis These may cause abdominal soreness and pain I eritonitis 
which generally proves fatal may follow perforation of a liver abscess 
or of an intestinal ulcer I erforation of the intestine results generally 
from the base of a deep sloughing ulcer The perforation frequently 
occurs in the caecum and the condition has sometimes been mistaken 
for one in which the appendix is involved Perforation of the large bowel 
with acute peritonitis was found in iq of 100 severe cases of the disease 
occurring particularly in soldiers on field service Usually it is much 
rarer occurring only in y or 4 per cent of hospital cases It is almost 
invanablv fatal Perforation sometimes o«ars after adhesions have 
formed when a pencaecal or pencohe abscess may result On the other 
hand perforation may take place retropentoneally into the psoas muscle 
and may even open externally through the skin 

4moebic appendteUts ha frequently been reported the involvement 
of the appendix usually foUowmg an extension of the disease process 
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abscess is more common into the lung than elsewhere It occurs in 
from lo per cent (kartulis) to 20 per cent (Rogers) of h\er abscess cases 
The diaphragm is usually adherent to the liver and to the base of the lung 
The lower right lobe is affected The diaphragm may or may not be 
\ isibly perforated The formation of the abscess is usuall> preceded b> 
irregular fever and an irritable cough The respirations are frequently 
increased in number and painful and shallow Before perforation of the 
abscess occurs the signs of pleurisy are usually present The cou^h 
becomes more sev ere and expectoration appears As the abscess advances 
definite dutness may be found with bronchial breathing or absence of 
respiratory sounds over the affected area Radiographic examination 
may be of considerable diagnostic value by revealing a dense shadow in 
the affected part of the lung m addition to the fixation of the diaphragm 
so common m liver abscess If the abscess discharges into the pleural 
cavity or into a bronchus the existing dyspnoea becomes less marked 
Sooner or later the characteristic anchovy sauce like sputum appears in 
which can sometimes be found amoebae together with altered liver cells 
as well as alveolar epithelium clastic tissue fibers CharcotLeyden 
crystals and other elements When rupture into a bronchus takes place 
he abscess may continue to discharge for months or the case may end 
fatally m a shorter time In favorable cases the pus diminishes and the 
cavity cicatriaes but complete recovery may be delayed for over a year 

Abscess of the Brain — Hitherto abscess of the brain has proved an 
invariably fatal complication It has been particularly studied by Kar 
tubs Jacob Legrand Phillips and Armitage Legrand collected 45 
cases from the literature m 1912 and he Phillips and Armitage have 
recently reported $ more cases Europeans are most frequently afiected 
In 27 of the cases the disease originated in Egypt Five however, 
occurred in patients who contracted dysentery in France Germany or 
England without ever having left these countries With four exceptions 
the patients vv ere betw een 20 and 40 y ears of age One case occurred m a 
girl of s and one in a boy of 14 Only 3 were in females The preceding 
dysentery or liver abscess may have become cured perhaps weeks or even 
months before the abscess in the brain developed or the intestinal infee 
tion of the bowel may have remained latent In the majority of t e 
cases the liver or lung had been previously affected but in 2 at autopsy 
there was no apparent lesion in either The abscess is usually sing e 
but may be multiple In all but one of the cases it was m the cerebrum 
occurring most frequently in one of the hemispheres It may rupture 
into the ventricle and cause acute symptoms In one case it was situa 
in the cerebellum Runyan and Hernckhave reported 2 cases m Panama^ 
both of which followed operation upon liver abscess They believe a 
traumatism of the liver abscess wall resulted in the extension of 

infection to the brain 

The contents of the brain abscesses frequently resemble those 01 u 

abscess being reddish in color Necrosed portions of brain tissue attac e 

to the 'wall by thrombosed vessels may be found The microscop^i^ 
appearances also recall the condition seen m abscess of the liver m 
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Rarer Compbcations — Of tbe still rarer complications due to intestinal 
amoebae of which cases have been reported may be mentioned abscess 
of the spleen cjstitis ovarian abscess salpingitis parotitis fistula disease 
of the buttocks and purulent or gangrenous subcutaneous infection of the 
skin in the vicinit> of wounds subsequent to operations for liver abscess or 
upon the rectum or intestine (see p 500) Severe intestinal haemorrhage 
in which large amounts of pure blood are passed from the rectum mav 
also occur Fatal intestinal haemorrhage may take place mdependentlv 
of liver abscess but when intestinal haemorrhage occurs in patients with 
liver abscess it is hkelj to be very severe and recurrent in character \ 

Treatment of the Complications 
The treatment of amoebic hepatitis or of anwebic abscess of the hv er 
if diagnosis is made early should consist of subcutaneous injections of 
emetine h>drochloride 0 06^ grams (i gram) a day for a period not over 
12 da>s Reference has already been made to the treatment of the 
pre suppurative stage of amoebic hepatitis with emetine which according 
to Rogers and others is frequently successful However if emetine 
fails to arrest the symptoms and as soon as signs of suppuration are 
apparent the abscess should be opened and freely drained unless it has 
already perforated into the lung and 1 being freely discharged through a 
bronchus If the abscess has opened it may be irrigated frequently with 
quinm solution i i 000 or 2 02 of an emetm solution 1 i ooo may be 
injected into the cavity hypodermic injections of emetm also being 
employed at the same time Prior to operation an aspirating needle of 
sufficient caliber to transmit the thick pus is usually employ ed for location 
of tbe abscess The surgeon must be prepared to operate at tbe time 
these exploratory punctures are madp and it should be borne in mmd 
that such punctures are not without danger for fatal haemorrhage some 
times follows them Rogers points to the danger of post suppurative 
infection in India and recommends aspiration of the pus and the injection 
oi qumm solution or of emetm by means o! a special trocar w ith a flexible 
silver sheath Charles however prefers the open operation preceded by 
aspiration on the ground that drainage bv these methods is not thorough 
Cope (1920) also advises the open method of free incision ^ 

The success that may be obtamed by operation upon liver absc^s 
IS indicated by Brown and Hodgson 1938 Thus among tbe 18 patients 
operated upon at the Mayo Chmc there were only a deaths Fourteen 
of the patients operated upon where apparently well from 2 to 12 years 
later In one case there was evidence of a recurrence 6 years after 
operation In 14 cases in which there were clinical signs of hepatic 
involvement the cases were treated medically and the results of such 
treatment are unknown m 3 Tbe remaining 12 remained apparently 
well 2 to 6 years later Treatment consisted of emetine injections 
followed by treparsol orally 

Perforation of the bowel demands surgical aid if the condition of the 
patient warrants it Surgeons with wide modern experience such as 
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AMOEBIC APPENDICITIS 


from the caecum A definite diagnosis is very difficult during We, since 
the caecum, in addition, is usually extensivelj ulcerated 

Clark (193s), Craig (1936), Banerji Chopra and Ra> {1936) ha\e 
emphasized the frequency of this complication Clark found that in 
about one half of his autopsies where the caecum revealed amoebic 
ulceration the appendix was also involved in some manner but he does 
not list one case in which the appendix alone showed lesions and where 
some portion of the large intestine was not also involved In an anal)Sis 
of 60 cases of amoebic djsenterj made by Craig 16 were found to have 
appendicitis However Ciaig points out that while it is evident that 
appendicitis may occur during the course of amoebic dysentery it should 
not be forgotten that many of the cases so diagnosed clinically do not 
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have any inflammation of the appendix but suffer from symptoms 
simulating those of appendicitis , 

Many cases of intestinal amoebiasis with ulceration of the colon w 
caecum have been operated upon for appendicitis with fatal 
During the recent Chicago epidemic of amoebic dysentery many of t e 
fatal cases had been operated upon owing to the mistaken diagnosis 
of appendicitis during life In fact, m 41 cases the diagnosis of appm ’ 
citis was made and the correct diagnosis of amoebic infection not recog 
nized Thirty two of these cases were operated upon for appenmci is 
and appendectomy performed resulting in the death of 13 or4ipccc 
The results of operation on severe cases of amoebic infection are very 
frequently disastrous , 

Sapero (1939) studied 216 cases of non dysenteric amoebiasis 0 
which 100 were found to have different symptoms A symptom cc®P * 
simulating subacute or chrome appendicitis was the most 
observed syndrome m the senes The complaints made by the in 
viduals were frequently of a tnvial nature They were primarily re e 
table to the gastro intestinal tract but none of them had blood or muc 
in the stools „„rfed 

In a series of 198 fatal cases at the Gorgas Hospital, Panama rep ^ 
by Clark the appendix showed lesions in 76 or 38 per cent Faus 1 
7 cases of amoebic infection found pinpoint lesions only m the appen 
in 2 
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DISEASES DUE TO BACTERIA 


Chapter XVI 

BACILLARY DYSENTERY 

Definition — Bacillary dysentery may be defined as an acute infectious 
disease often characterized by sudden onset and by frequent mucous 
blood} stools accompanied b> abdominat pain and intense tenesmus 
It terminates either abruptly in death (usually in from 4-15 days) or by 
gradual improvement from which an early recovery takes place or the 
disease may apparently pass into a subacute or chronic stage Bacillus 
dysenlenae the cause of the disease is present in the acute stages both in 
the discharsss and in the lesions of the intestinal mucosa It may be 
characterized anatomically b> ati acute diffuse inflammation of the large 
intestine leading to a superficial necrosis of the mucosa and usually by 
hyperplasia and haemoRhagic infiltration of the lymph folicles by mdura 
tion and thickening of the inlesUnal wall by haemorrhagic swelling of the 
adjacent mesocolic glands and often by parenchymatous changes in the 
viscera This description applies to the form of the disease as it usually 
occurs in tropical countries In temperate climates in v.hich the milder 
forms of infection are encountered the most important clinical symptom 
may be intestinal disturbances accompaiued by diarrhoea 

Historv and Geoceawhcal Distribution 
History — Epidemics of dysentery have been noted since ancient 
times the widespread and fulminating nature of such outbreaks in times 
of war and famine having impressed observers in all ages The disease 
IS apparently referred to in the Ebers Papyrus (1600 B C ) Herodotus 
mentioned an epidemic of dyscntenc nature in the Persian Army and 
Hippocrates desenbed the dysenteric syndrome It has been well known 
in India since remote times 

While the etiology of amoebic dysentery was thoroughly investigated 
and its eonnecliou with amoebae fairly well established dunng the decade 
from 18S0 to 1890 It was not until 1898 that Shiga isolated the causative 
organism of bacillary dysentery although a number of other bacteria 
had been previously erroneously desenbed as the cause of the disease 
Bacillary dysentery tends to appear in estenave epidemics spreading 
over temperate as well as tropical and subtropical parts of the world 
In this respect it differs from the amoebic form 

It isbable to follow the movements of armies many part of the world 
and bke typhoid fever its distnbution is one of hygienic rather than geo- 
graphical influence 
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TREATMENT 


Cope agree that immediate abdominal section is necessary in the e 
cases in which the general condition is good and the symptoms of per 
foration acute and that, on the other hand when the general condition 
is bad or indifferent non intervention is frequently justified b> recog 
nition of the fact that perforations are sometimes cured natur^y tkt 
escape of the contents of the gut is often greatly limited b> adhesions 
and that the bowel wall is frequently friable and unsuitable for suture 
Local peritonitis without perforation requires rest and the applica 
tion to the abdomen of ice or hot fomentations with opiates by the 
mouth For serious haemorrhage complete rest is demanded morphia 
should be gi\ en and ice applied locally to the abdomen Stimulants and 
subcutaneous or intravenous injections of saline solution should be 
employed only when their use is indicated Adrenalin in doses of lo 
to I s cc of a I I ooo solution has also been recommended The injec 
tion of a solution of calcium chlond or of horse serum has also sometimes 
given favorable results For the treatment of brain abscess in addition 
to emetin treatment, extensiv e trephining is recommended, and the abscess 
should be sought for with a channeled sound and not with an aspiration 
needle since the pus is very visad and flows with difficulty I'T'cn the 
abscess is localized it should be opened by operation Morphia and 
bromids are indicated for the relief of headache and other cerebral 
symptoms Abscessof the lung requires the usual treatment withemetme 
X ray examinations may give information as to the advisability of surgical 
intervention for better drainage m case a liver abscess has ruptured into 
the lung If the abscess has opened into the pleura nb resection nay be 
performed and drainage thus secured 
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virulent form Large epidemics are also more common in such countries 
The occurrence of the disease in epidemic form is influenced by the sanita 
tion of the region being moreprevakntmcommumties where fly suppres 
Sion and garbage disposal are not properl> controlled Even in more 
temperate climates the disease is apt to occur during the warmer months 
of the >ear Sellards (1921) has pointed out that bacillary d>sentery has 
never given rise to any great pandemics 'Hie curves of seasonal dis 
tnbution show the close relationship between temperature and the appear 
ance of both bacillarj and amoebic dysentery (The maximum from July 
to September ) On the other hand there is often no seasonal maximum 
in countnes where the cool climate or the samtary conditions keep the 
number of cases very low (England the Netherlands and Australia for 
example) and in those near the Equator which have no defimte seasons 
(Guiana Sumatra) 

The disei e n encountered in severe ep deimc form in Che Philii pme IsU ds 
shortly tier '\meticsn occup t n ( and numer se ere outbreaks have 

b en reported ft m Japan Indeed the di case epidemic form has b en m re com 
mo l> po ted fr m Jap n tb n fr m y other country where acc rding to Shiga 
d others the mortal tv la often hi h (from 1 t 50 per cent) \ k yams (193 ) 
rep rts ch t m Darien Manchuria f r the past five years it v a the most prevalent 
d sease — 3 4 per m lie with a mortality of 3X per cent 

Outbreaks also have been cotnuioQ in many patta of the tioptcs notably la India 
Indo China China Ceylon Malaya the Philippines Java sortbecn Brazil Haiti 
Panama Puerto Rico Egypt Syna Arab a Palestine and in parts of the French and 
Belgian Cong In India Malaya and the Pacific Is) nds the disease is responsible 
fo wide apread epidem cs snch h gh mortality Manson Bahr reco ds in the Fiji 
I sland in 884 an epidemic with a mortahty rale of over 130 per thousand and in 
recent years the mort lity r te there has van^ f om $8 to 98 per tb sand 

DyienteryandWar — In umesolwar nub large forces of soldiers baeiU ry dysen 
tery tends to become the most mpo taot d sease encountered by m Utary surgeons 
Duringthe Civil \\a it may be lecalled (here were 8$ ooo cases of dysentery m the 
Fed r 1 A my In us e| idemie f >rm as intimated it ha been part uUriy a d sease 
of armies n the field d t w s s 1 1 h ve d c m ted the army f Nap leon in the 
t eat from Mo cow I the Crimean ar the American Ci 1 r the T eo 

Prussian at the South African war Ih Phhpp c mp g s the Bus n Japane 

war a dep lly n th \\ Id r t nas very prevalent In th Ustwa while 
t ccurred on all fr ts it was the most important disea in the British arm es in the 
e st Mediterranean area Maced nia and G Uip I In Macedoni Leddingh m 
lep rt d at f bic 11 a j dys t ry f s to 83 per 000 and n G Ihpob it v. said 

t be largely resp ble f r s me 100 o casualties Ab aham 1 gjg) n tes that t 

bacillarydysenteryandnottheTu kth td velheBnt htfoops tofCUpli 
\c d ng to Pnnam the a erag si ngth f the Germa 1 army ns 3 930 000 and 
89 30 d ed of d ease O t of every too i ho died 4 death «e e from djseni > 
Cobnel 0 g R C Ilender has for me ye mad study of djsente y and 
d r heamtheUmtedStates \troyandpo ts otthatf 94 )therate f dysent \ and 
d a he gradually declined to 7 n 8970 ly t nse I 400 m 898 Span h War ad 
48 n 9 Ph 1 pp e C mp g nd ded o g to about 4 n 1913 There » 
hatpn t 87 96 esult of epidemic conditons nlheMeucanB rd rm bill 

aation R th sup g the rates dropped 1 th U S Vrmv du ng World War I 
Thevcontnued tjoo underunI 1 tfaemob Isat na d vtensi efi Id train gof 94 
when the rate w s slightly o er 37 pe th nd pe annum ne ly double th t of the 
p period 1918 1039 inclu e Can d ( 943) has emph sized an w the impor 
ta of dysenteries and d a the th mil t rv service n n articl \ h ch sh libe 
read bv II cone rned w th the object He sh \ s that n the present ar bacillary 
dvsent y has n en in tr opst h ghts qnaltoth f oytarsag The d sease in 
the p s tw has been th most p evalent one n the Br t htxoyps n the Middle 
I ast (Bulme 944) as II as ntheltalaiia d Ge man tro ps (Gear 944) 
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DISTWBUnON 


\Vhile It IS more frequent and often more \irulent in the tropics 
infections with various strains of dysenterj bacilli are important factors 
in morbiditj among infants and young children in whatever part of the 


Europe xgjt 



Int II gence Semce of the L agu of Nations ) 

world the question has been investigated The infection is also prone to 
prevail in lunatic asylums whether in temperate or tropical countries 
Distnbution — BaciUarj dysentery is characterized by a much greater 
tendency toward epidemic distribution than anv other form of dysentery 
The disease is not hraited to any particular part of the w orld In tropica 
and subtropical countries it occur more frequently and often m more 




BACILLARY DYSESTEEV S4S 

these jnsecls ate comparaUvdy late This occurs m the Near East and 
m Africa during the hot season when the majority of the fly larvae are 
destro) ed by the rays of the sun In the southern United States Kuhns 
(1943) has reported a camp outbreak of r 250 cases where infection was 
due to flies The flie from the latrmes kitchens etc were crammed 
cultutaUy and one lot yielded Sfcigefia ^aradysenferiae Boyd88 the same 
organism was isolated from a number of the patients The drinking 
water of the camp was t hlormated and the milk used was a canned product 
Age and Sex — Individuals of all ages are subject to dysentery but it 
IS most common in men between 20 and 30 It is not infrequent m young 
children Outbreaks occur especially in those under 5 years of age 

Bacteriology — Many different bacteria had been erroneously desenbed 
as the cause of dysentery in the years of iSSe-tSpS However it was not 
until 1898 that Shiga in Japan discovered B dvsentertae H<* made plate 
cultures from the stools and then sought for an organism in these cultures 
that would be agglutinated with the patient s blood serum In this way 
he studied 36 cases and obtained a specific organism in 34 He also 
showed that the serum of other individuals suffering with the disease 
sometunes agglutinated the bacillus in question His work was confirmed 
in 1900 in the Philippine Islands by Flezner Strong and Musgrave who 
also isolated and described different strains of the organism Dysentery 
was produced in a prisoner who voluntarily ingested a FhilippmecuUure 
and dysentery has since resulted from actidental laboratory infections 
In the United States in 1903 Hiss and Russell isolated an organism 
from a fatal case of diarrhoea in a child which they designated with the 
letter \ while Duval m 1904 reported upon the presence of a lactose 
iermeniing organism in cases of dysentery which later received the desig 
nation Sonne type In 1900 Kruse who had worked on the bact n 
ology of dysentery for some years and described other bacteria as the 
cause also confirmed m Germany Shiga s discovery of B dvsentertae and 
also described a lactose fermentmg type E of the pseudodysentery 
bacilli (Sonne type) 

Si ce th s t me e ha * gndualljr come to tecognite that the dysentery bacilli 
compiises a large group of micr otgamsms wh h may be s p rat d nlo a number of 
t>i e especiallj by means of their cultural chatactenstics but more imnortanllv bv 
th r se m t ct 0 s In recent > are many olh r types b e been described in 
addit on t the 4 or j cla sica! type al ead> e ti d H ; ever m ny of these 
trains are liable to mutation S e investigators espetialiy Busson (1937) en 
bel eve that under the flu ce of bacteriophage it is po sible to p oduce secondary 
es 0 types d ffe ent from the ong nal o \\ th ref rence to m rph 1 gical and 
cult t I V r Is vihicb have b en d s r b d the antigenic structure is f f r m 
imp rt ce m defining smooth and rough types than is the appearance of the colo les 
Morphology and Cultural Characteristics — Hie dys ntery bac Ih occur as a rule 
singly or in puts and do not facm threads ot filaments They ate s Biewh t pi taper 
than typhoid bac lli They may be sepant d ftom the group of Ccfi bactena in that 
none ol them p oduces gas in gluco e The dysentery bacilli in their cultural charac 
ter st cs in f ct resemble to some e te t the typhoid bacillus but they can be 
d sbngu hed from It by the fact that tbqr are non motile that they have different reac 
t ons in s gar media as well as by iheir serological el t ons The reactions w th 
efe ence t sugar media are lUust ted in the accompanymg tabl 5 The most stilting 
c Itural reactions are (i) that none of the dysentery b cilU produce gas in glucose do 
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ETIOLOGY 


In recent > ear* epidemics have been rqrotted jn France Cerroaiy' Great BnUii 
Russia Southern Rhodesia and the United States In the United States andnorthem 
Europe the disease has not prevailed in severe epidemic form though numerous inwH 
outbreaks of moderate siae as v>eli as sporadic cases hi\e been repotted and studied 
The outbreaks have occurred especially in insane asylums orphanages or other public 
institutions and often in young children In France Italy and CennaBy they have 
been particularly reported in bairacka and encampments Strains of d)‘seatery baolh 
have frequently been isolated from casesofjo-calledsummerdiarthoea of miauls lhou|b 
in many other instances Morgan t bacillus bas been encountered the psihogemc role 
of which has not been demonstrated Douglas and Colebfook found it in the faeces 
of men convalescent from dysenteiy in Gaihpoli Zinsser and Bayne Jones (rjj?) 
point out that strains of the Morgan bacillus are more closely allied to B coh than to the 
d> sentery or typhoid or paratyphoid groups of organisms. 

Several small outbreaks of tocillaiy dysentery have been reported from hew York 
Slate since 1938 {Gilman Coleman and Leahy) That the disease is not prevalent is 
evident from the fact that in 193a only jo cases of dysentery of aff forms were reported 
from hew York Oty and in 1933 only 89 cases Whether endemic foci of baousiy 
dysentery exist in the southern United Slates as they apparentfy do la some areas la 
France (Tours Chalons) has not been catefuUystudied Kemp and Ifabennaa (1534/ 
during an epidemic of acute bacillary dysentery in Dallas Texas made cultures fr^ 
the stools of j8 cases From 6 of these dysentery baciUi were obtained ^er«eJ 
(1936) has observed over a thousand cases in southern Caldofrua in s years Ha«a 
Emerson (1941) has pointed out that among the 7)$ million people in hew York Otj 
that the deaths from Bacillary Dysentery and Diarrhea and Entenbi under nve ywrs 
of age numbered 334 in 1939 }$oint94o 199 in 1941 The death rate from 
ease was r 1 j for the United States as a whole m J940 but has varied widely in diinr 
ent teeUons of the country being higher in the South Ailaatic distnel with a rate cl 
17 and in the East South Central at 4 and in the West South Central 33 6 
in the New England district it was 4 7 The percentage of deaths from all causes wmeo 
were attributed to diarrhea and dysentery were a a among whiles and a 6 among negroes 
in S940 

Etiolocv and Efidemiolocy 

The predisposing causes include bad sanitation and factors liable to lower the resist 
anceof the individual auebasexposure to extreme heat or cold errors of diet anddtins 
and fatigue especially dunng military service IrriUiion of the bow el by foreign mate 
nal of anv ongm tnav predispose to dysentery and acchmalitaiion to the tropics » 
undoubtedly a factor new arrivals bemg especially prone to the disease The presence 
of any debilitating disease also often predisposes to an attack of dysenteo 

Clunate — The disease most generally occurs in the warm and moist 
months of the jear However outbreaks arc partrcularlv influenced b> 
hygienic conditions and the presence of flies rather than bj climahe 
influences alone In India as Rogers has pointed out (1930) the mini 
mum prevalence of bacillary dysentery is in the dry, cold weather 0 
January and February A slight nse occurs in JIarch with an 

of the monthly temperature andasl>ghtfaninthehottestmonthsofWa> 
and June but the mam rise takes place m the rainj season from Ute m 
June to September On the whole the seasonal distribution corresponde 
well UJth periods of flj disserniDation Leddmgham s investigations m 
Mesopotamia made during the War al o show that while in general t e 
disease prevails more in the wanner months its incidence is more mfiu 
enced b\ the occurrence of the fly season He found that the first epi 
demic rise in that area with very low rainfall followed about two weeks 
after thelvlarch commencement of the first fly season A partial aecuQ^ 
of dysentery took place in the \er> hot months of July and August when 
the flies disappeared A second dysentery maximum followed the secon 
fly season in November Manson Bahr (1939) also notes th 
of bouse flies coincide xcry closely with epidemics of baefl 
and that the incidence of the diseas faes dunn 
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fifth type differed from the fourth lo Oat after ** hours it gave »a »cid resction in 
miutute but Uus gradusUy A s&ppe»te<£ the taedtuo subsequeatly becortung elkalioe 
He ftgaidtd this fifth typt as an intenordiate i»ie betwren the acid (fenntnting) and 
non and dysentery batilli \ndi(as and IniUB da nat mention this type Thts 
classificat on o! Hiss lencs and Shiga has been in general use and is generally accepted 
IloTever still other types of dysratety haedh have since been descr bed and recent 
investi ations earned out during the Uorld Mar have suggested other classifications 
0 uval in ipea Kruse us ipoy (the Krvse £ type) and Sonoe to 1913 have all 
described as a cause of dysentary batiilt ahreh lerwent laetoae {B d sfa Andreaes 
t g 18) and it has been suggested that a SXih roaui group of d) sealery bactlic may loclude 
the dulciie fermenting Boc Uui afro/ c nr (dynn and Robinson 1918) Zinsser and 
Bayne Jones <1939) bebevt that the evidence that Boriffi sleal rns is pathogenic is 

not consinung They hoaever Include the otgani«& la their Use table giving the 
diffetenual characte (tttci of dysentery baciRt The Schnuir bacillus ubichu differ 
entiated front the Shiga bacillus tn this (able by the p oductaon of lodol ii classified 
as a separate organism 

The batilh of the foti* dassical types (as designated by Hiss Shiga and 
Lentz) ate not necessanJ> cottoned lo different geographical regions The 
mvestigaUons m the Philippine Isbndsof Flexner Strong and Ohno hate 
shown that at least 3 0} these tj-pes ol organisms occ ur there and Amako 
(xgo5> m the study of an epidemic w the town of Kobe in which dysentery 
bacilli were isolated m 5:6 cases found all of the 4 types of dj sentery as 
well as the dfth type of Shiga In 6 fanuhes in which there were as 
patients he found 3 different t)'pcs Such iR>estigations show that even 
a local epidemic may be caused by different types of the dysentery organ 
ism and in large outbreaks it is not unlikely that several types of dysentery 
bacilli may be encountered 

Sbigs paints out (bat the dyteelcty epidenuc to Tokyo pitv ous to 1904 was c»u»d 
almo t eotiKly by tlie naa acid type However Fuuki (1904) fouod that duttag the 
ep demie nbicb spread ibrougb tbe capital of Japan in that ) ear la too caset studied 
sU were of tbe acid type and only a of tbe noo arMf type Iia tbe same year in hfan 
churia Chos a nad Fo t Arthur Ihu found a giealtr number of cases infected with 
the non acid strains 

Obao f 006) working la the wr ter s bboralory la tbe Pbilippins Islands upon a 
ta. se numb of In hly isolated strains belMved that tbe groupings of tbe different 
organisms according to die differences ui their pa«cts of cauuag fermentatioa does cot 
always correspond lo that wbicb results from d fferences observed m agglutinative and 
bseten tvtic action w tb specific immune sen 

Many other observers who have sought for the 4. classical types have 
found them in varying proportions id widely diSerent parts of the world 
Thus Ten Broeck and Norbwy in ipi6 ut a study oi tnfectioui diarrhoea 
in infants m Boston found that 76 pet cent belongeti to the type Hiss \ 
13 per cent to the Fletner and 10 per cent lo the Strong type Bern 
stem Khng and Rosenblatt (jpao) la Vienaa found the stratus Shiga 
Flexnerk and Strong infiyperceit of got cases of dysentery during and 
after the War 

DC Asas (5934) iR 4 review of bsalUry dysentery »s it occuti 15 BcmiI states that 
th o giaisms isolited latpideouc ssd eadesuc bat Uary dysestcry ere (■) tbe beallus 
ofShiga (j) the baciUi of tbegr apot Heenctc ttt» ning the type SiTMig YsodHiss 
(3) (he bsaUas of Schmitz d jt nguiibable from the Sh ga bRCtUuiby its productioQ of 
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not coagulate Ltmus milk and tkatthe> may be separated into two large groups by their 
reactions in mannite as was first sbonn by Martini and Lents in igoJ The Sbigi 
Kruse Schmitz group do not ferment mannite while the organisms of the Flewer 
Strong IIiss Russel group and the Kruse S>nne type ferment this sugar Only the 
Duval Kruse Sonne type ferments lactose 

The proportion of the different types isolated vanes in different epidemics Is 
some epidemics only r or a of the types arc isolated, while in many endemic areas all 
of the classical types have been found In the past few years the Sonne type has been 
more sought for and found more commonly m the United States In a study of 300 
cases of diarrhoea and dysentery in Virginia McGinnis and his associates 1936 found 
about 100 due to Flexner types and 50 due to the Sonne type This organism has also 
been isolated commonly in Great Britain in the past few years while (1938) has 
reported it to be the prevailing form in Sumatra in Europeans 

The serological behavior of the dysentery bacilli is complicated The organisms 
of the Shiga group which are non mannite fermenting are generally homogenous but 
an anti ‘'higa serum has some agglutinating action on most of the strains of the mannite 
fermenting organisms fFlcTner group) A serum procured with Schnuta s bacillus 
will also agglutinate some Shiga strains to half its titer The group of dysentery baaui 
(Shigella) contains at least 5 more or less common antigenic components corresponding 
to the classical strains of dysentery bacilli (as shown by Shjga Ohno Morgan Martini 
and Lena and many others) More recently a reclassification of the dysentery hacilii 
has been attempted in England by Andrewes and Inman (iptp) Glynn and Robinson 
(igrS) and in Germany by Sartonus and by Kemper (rpgr) Some of the strsins 
collected from different laboratones and investigators by Andrewes and Inman appat 
ently have been assumed but not demonstrated to be the cause of dysentery in man 
nor has any report of their pathogenic action been made However by the ingestion 
of cultures of at least 4 of the classical types already descnbed dysentery has been 
produced in man , 

DuTerentufioa and Distributios of Different Types of Bteil/i —A consideritwn “ 
the differentiation of the strains of the dysentery group which differ serologically is 01 
some interest and importance from the standpoint of bacteriology but to a less extent in 
the diagnosis and treatment of the disease 

Mith reference to distribution of the different strains of bacilli of the dysenteiy 
group (Shigella) it may be noted that Bacillus dyscuttrxat {Skuella dyscnteriat) tn 
isolated by Shiga in i8q8 in an epidemic of dysentery in Japan was subsequenifv shoiw 
(first by Dngalski and Lentz) not to ferment mannite Inhlatchipoo FletnensoW 
in Manila from 3 fatal cases of dysentery another strain of dysentery bacilli which was 
later shown to ferment maonite In May ipoo Strong also isolated in the Philippior| 
other strains of dysentery bacilli and reported with hlusgrave upon a bactenologiu 
and pathological study of iii cases of dysenteiy with autopsies 31 of which were 0 
the bacillary dysentery type Vt the same tune a bacteriological study was made 
71 clinical cases of infection with Bacillus dysenlenai \mong the dysentery 
isolated from these cases in the Philippine Islands some were subsequently found 
ferment mannite (Plezner type) (subsequently described as the V race of ^ 

Inman 1919) others were found not to ferment mannite (Shiga type) while a ten 
type was found not to ferment maonite but to lerment saccharose IStrong type 
Lentz (1902) H type of Ohno (1906) (subsequently described as the W type of Andrew 


and Inman ipip)! j s... His 

In 1900 and 1901 Kruse also isolated dysentery baciUi m Germany and ufst 
linguished culturally between several types In 1903 Hiss and Russell 
United States another strain of dysentery bacillus which also fermented mannite 
which did not ferment maltose In 1904 Hisspubbshed a classification of the dysen e y 
bacilli based upon fermentation reactions and agglutination tests dividing the organis 
described above into 4 main groups and found that strains from many sources mu 
be distributed among these groups LenU and Martini (1902 1913) wlso pa 

the dysentery organisms into these same 4 groups 

Shiea in a further study bkewise divided the dysentery bacilU by cultural reac 

and serom tests into 5 types The first 4 types agreed enUtely with those of Hiss 
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designated by difiettnt <it the or nuoabeis It jnsy be ntcessaty to 

employ a duptcate alphabet to deitgnale aUadH whith have been fepotted 8S diSerent 
Of which hav« been given different letters tw Bombers In Germaeiy Sattonus and 
Reploh ifltj and i{i3J have retognutd uisces awdXeroper divides thenuoto oor 
ijraces which he designates by the leti«i A BC D F O H \ DX \t V 

Summary — 'This discussion of the questwn of the differentjatioa of the dysentery 
bacdli has been gi\en here u» ord that the dimoaft and sludext may have knowledge 
and andetsund the bacteriolojical stud es wluch have been undertaken in regard to 
the diagnosis and tieatment of the d sense However while such deU led stud es are 
isf interest espectany to hacteeiofogists the resafts U> the clinician must be to some 
extent confusing and etoreove they have not been uaiform 

A mote accurate differenliatwo ^ the d>s svtety bacillus « compheated by the fact 
that in some of the recent Uhorstoty uivcstigatons(t) cultures haie not been madeand 
the patient studied in the acute stages <rf (be dssentety as well as in the later stages (a) 
that 11) regard (o some of the invest eabons unife taken (particvUrly those in connection 
with the Uorld Har) the investigators did not take mco account a consideration 0/ 
poss We dissociation n the types they described and the types compared in smooth and 
rough colonies nor were immune sera prepared ( ocn all the kconri pathogeaii: types 
and us^ la the attempted classification of stiains collected (3) the tnffaence that 
the bactenophages may hast had att miuaiing a change oi (jRe at diScrcnt tiageg of the 
d sense wss not invesUgated 

Manson Bahr (1900) points out that the matter has been further 
complicated b\ the still finr-t dillerentiations suggested by workers on 
the manniw {ermenting group and that the mauet cannot \et be con 
sidned as having reached hnatuy 

A» pointed out Andrewes and Inman state that in their m\e$ti 
Rations no well known strain of the dassical types which had reached 
them fell into either their \ or 7 groups Whether these \ or Z strains 
are capable of producing djscntery in man or are rouialtons of the 
classical types is speculative Bo>d <i940> has still further investi 
gated the matter of classihcation He states that Andrews sV W and Z 
races ace valid types but ihal he beheves \ and \ ate not valid tj-pes 
As his been point^out m this article the descriptions of the races termed 
\ W and\ correspond to joffhedassicaltypesandhave been repeatedly 
isolated since 1900 by experienced bacteriologists »n different parts of 
the world Boyd now proposes to add vn flace of 2 of Inman s types 
, rf his own isolated in India and termed B d>je>i/criae Boyd 1 II 
III Shiga (1936) has made a plea lor the return to the original simple 
cUssiftc^tiOR 

Species of Shigella which have been encountered hxst an Great Britain 
anil later in the United States are known as the Newcastle type Pern 
Parities noted for this organism are that, occasionallj a slight bubble 
of gts IS produced m detUwc and dulutol wheo dissolved m beef extract 
product dextrose dulcitol and maltose are always fermented to acid 
and ^as Indoi is not fotmed The strain « serolof^icallv homogeneous 
and unaggbtinaied by anti sen prepared against S d'.srnttriae or S para 
d-iSmUftar Sachs {1043^ has repined upon S new types of non manitol 
fermenting bacilli m India and L^pt 

\eter (1942} points oat that a Dumber of species now classified as 
members of Genus ShigelJx have not been adequately investigated and 
little is known of iheir cultural characters biochemical actions and anti 
genic structure 
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indol and its serological reactions and (4) the bacillus of Sonne or Castellau Knis: 
Sonne bacillus 

Kemp and Ilaberman (1934) in the study of gS cases of baallarvdysenteryiaTeiis 
found that among a6 cultures of dysentery bacilli obtained 16 were identified is 
Shigella faradysenleriae \aT Flexner S as ^AigcWo (fw/sr Andrews and s as ■SJrtcWa 
paradysenlertae var Soane 

Id & recent epidemic la Foiaad stadied by Amzel rpjj and bis assocutes sHt 
the original classical strains were encountered 

\Vhile many strains of dysenteiy bacilli were studied during the Atar much of the 
work was performed in field bboratones and the time obviously was not as propiUous 
as was desirable for deliberate study Otherinvestigalionswere earned on in European 
laboratories some upon convalescents after their return from the war area Sudi 
studies are not as advantageous in many respects as they w ere not earned out dunag 
epidemics with the cases in the acute stage of dysentery It is an accepted fact that 
dysentery haciUi frequently cannot be isolated after the first few days of the disease 
and after the 6th day isolation becomes increaungly difficult Also mutations have 
been noted m subacute cases 


Andrewes and Inman (1919) studied a large number of strains which they rather 
hurriedly collected from a number of bboratones and investigators However a 
number of investigators were away from their bboratones on war duty and comers 
lively few cultures were sent from tropical countries More were apparently isolated 
from individuals who had served on the western front They divided these orgamstni 
into s mam races which were designated as V W \ \ andZ respectively hut with 
sub groups designated as V2 and S\ Their V race they state corresponw with 
most of the strains sent them from a number of European bborstones si 
strains However they found no well known strain of the classics! types wm« hsa 
reached them fell into either their X or Z groups The so called Y of the Oa«d 
laboratory they classify in their Y group Their Y group corresponds to the typicii 
bacillus of Hiss and Russell while the Strong type corresponds to their V\ group 
although the writer sent them no cultures for study They point out that it « ® 
course unlikely that their observations have covered all the serological varieties of v& 
Flexner group Unfortunately they did not atudy problems relating to dissoaation 
mutation of the dysentery bacilli and the presence of bacteriophage to such mutations 
or isolate organisms themselves from cases of dysentery . 

The investigations of Glj nn and Robinson (1918) were based upon the study 01 
excreta of 2360 cases of ententis received from the eastern Mediterranean srea 
great majority of whom w ere convalescent They point out that the work is uaavoi 
ably incomplete and regret that they had no opportunity to study acute cases 
Their investigations how ever suppwrt the fact shown by Shiga Barber 
and more recently emphasized by Martini (1917) and others that mutation of 
may complicate the classification of dysentery teciUi when based on cultural 
especially as it seems to affect maltose and saccharose In their classification J 
include under rieaner Y strains some organisms which fermented . 

They found 31 Flexner like strains which when first isobted produced acid m * 
charose { Strong type ) Apparently they did not prepare sera of ah the . 
types of the dysentery bacilli and test the agglutinabiLty of the organisms iso 
with all these sera ^VIth a Flexner serum they found that only 4 early 
fermenters agglutinated out of 19 tested whereas 4S of the 00 strains which were apP 
ently non saccharose fermenters agglutinated with this serum They 
encountered Bacillus morgan and SactUus /aecahs akaUgtaes but were ^ 

express themselves regarding the production of dysentery by these orgamsms J 
man and Weston on the other hand found 3 out of 9 strains of mannite ferme 
organisms produced acid in saccharose and agglutinated in high titer 

From these and other investigations it seems evident that the group of 
fermenting or Flexner dysentery baciUi as the group has been termed is , 1' u 
aeneous and indeed some observers have pointed out that it is exceedingly ai 
from the publications regarding the war studies to obtain an inteUigent idea 
rebtionship of a number of races described by different investigators as ne 
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E\ entually it is hoped a reclassificatioa of the non fermenting manito! 
organisms will be made including the s strains recently described by 
Sachs {1943) and isolated m India and Egypt 

Colonel J S k Boyd Director of F^thologj Middle East Forces 
in a recent report points out that they have given up examining stools of 
dysentery cases bacteriologically as they have now all the information 
they want as to incidence and it does not help the clinician m any way to 
know w hat particular organism i» responsible in most cases He believ es 
all the necessary information can be obtained from microscopic examma 
tion This policy has relieved the laboratories considerably and enabled 
them to devote themselves to more important work 

In practice for purpo es of diagno is and in treatment it is sufficiently 
satisfactory to separate the important dysentery bacilli into 2 mam types 
with which Shiga 1936 is m conformity 

1 Shigella dyseftleriae (Shiga Kruse type) which produces no acid in 
manmte media and does not form indol 

2 Shigella paradysenlertae (B Flexnm) (Flevner Hiss (\ ) Strong 
Boyd and others) which produces acid m mannite media and form mdol 

The Shj;,a type is homogeneous m its antigen content and may be 
differentiated from other types serologically although there is usually 
some group agglutination with other types In its growth it forms a 
potent exotoxm as well as an endotoxin Intravenous injection of the 
bacilli or of their toxins into rabbits has sometimes produced a haemor 
ihagic enteritis followed later by paralysis ot the hind legs An anti 
serum can be prepared which possesses antitoxic and antibacterial 
properties and has been reported to be of therapeutic v alue if giv en early 
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In order that the reader maj ha\e m convenient form the older and 
the more recent classifications of the organisms of the dv senter) group of 
bacilli the follovv mg tables are inserted 


CoMPVRVTivE Classiucvtion op the Dtsekterv Bicilu Acxordinc to nirmENT 
VlTHOKa 



In a recent circular letter of the British Arm) Pathology Laboratory 
Service a reclassification of the raanitol fermenting dysentery bacilli has 
been suggested according to Bovd 


Clasmticaiion by IitVT Colonel Newton W Lvrkisi M C (iQ44l 


Original name 

Vndrenes & Inman 

Boyds chs ification 

rievner 

V 

riexntr I 

Hiss Ru sell 


Not a valid race 

Stron„ 

•\\ 

hlexner II 


X 

A vanant of Z 


Z 

t'letner HI 

Boyd 103 

— 

riexnec IV 

Boyd 119 

Newcastle j 


t'lexner V 

Mexner VI 

Manchester [ 

— 

Boyd 88 ) 

Boyd 170 

Boyd Pj 88 

Toyd Di 

Boyd P474 

Boyd Dig 

Bovd Pt 43 

1 1 1 1 1 1 

B yd I 

Boyd n 

Boyd III 

Similar to alkale cens 

Rare occurrence 

Kare occi"’^‘‘oce - 
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It seems possible that the d>senteiy baoU 9 pioducet both a soluble toxin and in 
add tion an endotoxin which is more closety hound than the former 

More recently Olitshy and khgler h ve difierentiated definitely between the so 
called e otoxin and the endotoxin They obta ned the exotoxin by growing Bacillus 
dyse te s for 5 day s in alt 1 ne egg broth Their endotox n was produced by incubat 
i g agar cultures in salt sol tion for adajsandfilten g The exotoxin in fractions of a 
cubic cent meter after an incubation tune of a few hours to 4 days produced typical 
paralys s and severe nerve I s ons in rabbits Powerful neutralization of it could be 
obtained with the serum of horses tb t had been immunized with it They succeeded 
m protecting with the antito ic ho se serum ag inst 000 lethal doses of the poison 
The injection of a large do e of the toxin intravenously into rabbits causes a rapid fall 
in temperature respi atory embariassmert and a violent diarrhoea which later might 
conta n blood If the animals hved a suffiuent I ngth of time paralysis sometimes 
occurred in the posterior extremities lotra enona uioculat on sometimes gave use 
to mte tinal invol ement due to the e c ebon of the poison by the intestinal mucosa 
particularly the caecum and colon The toxin sometimes caused a coagulation necrosis 
of the ntestinal mucous membrane Ach ractenstic action of the esotoxm of 

dysentenat is its effect upon the medulU and spinalc rd in rabbits where it may produce 
lesions not unliVe those seen in cncephabtis and lead poisomng 

The b cteriocidal reaction of dysentery immune serum may be easily demonstrated 
tn t In as was first demonstrated by Shiga and by the intrapentoneal method of 
Pfeiffer by Kruse However the product on of Pfeiffer s phenomena >n the abdominal 
ca ity of the gumea pig is (rei^uentlv not a tisfactory 

EpiDFUIOIOGV 

Diffusioa — Th« occurrence and distribution of the disease as pointed 
out IS often influenced more by hygienic than by geographical conditions 
In th» respect as well as in its mode of commuTneatvon it tesembleB 
typhoid fever The dysentery baalli are usually ingested with food or 
drink to which they have gained access directly or indirectly from 
the faeces of cases of bacillary dysentery sometimes from earners of the 
bacilli In lunatic asylums direct contagion may be common and the 
latrines a direct source of infection In a disease where the movements 
are frequent and fluid or in milder cases not under treatment in hospitals 
the diffusion of the dysentery organism in infectious material is much more 
likely to occur than in typhoid fever Thus transmission from man to 
man by hands and indirect contamination of food or water is possible 
during epidemics 

Stitt has pointed out that there is probably no disease with the possible 
exception of cholera where those attending a patient are so liable to have 
their hands contaminated with infectious material 

The great frequency of the xtools in scute stages and the tendency of the mucilap 
nous mucoid mass to becot smearedoverthebnttocksandclothingof the paUent make 
It onerous for an attend nt to carry out methods of personal protection In a family 
b 1 gunderuDsa itary conditions where tbe mother may have to care for a sick child 
and p pare food for the other ch Idren and herself the opportuniti s for the spread 
of the itifection m the family a eg e t luniihtary barracks aswellaamotherinst lu 
tions wber 1 rge numbers make use of the same waier<l set accommodations th 
chances of contamination of the seat fy a patent responding to th frequent and 
mpenous demands for ev cuation are most probable with subsequent transference 
of the infecuous material to others Bac n ty dysentery is peculiarly an msUtutional 
d ease and tends to spre din jails orphanasylumsand thebke However thedysen 
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An organism which resembles the Shiga type in its inability to ferment maanite 
but which produces indol and ferments rhamnose is known as the Schmifr baollus 
{S amiigua) 

The group nJuch ferments mannite is composed of a number of types— J faft- 
disenlertae types Flexner Ifiss Strong and others which are antigenieally hetero 
geneous S sonntt S dii^ar etc They produce an eodototin but many strains do 
not produce the soluble exotoxin which tadmraetenstic of the Shiga bacillus Clmially 
the toiaemia in dysenteries due to these types u usually less than that m the Shiga type 
In addition there are other atypical types such as the Sonne bacillus (S somtt} 
which produces acid in mannite and al!>a a slon fermentation of lactose and forms no 
indoI This represents a distinct serological type and has caused epidemics of dysen 
tery in the United States and in Uurope 

5 dtrpor resembles 5 ronnei except thatit (usually) ferments xylose andfonnsmdol 

Serologically it constitutes a heterogeneous group It is probably non pathogenic 
Dysentery bacilli may be differentiated provisionallv by the following cultural 
reactions regarding the fermentation of sugars 


Shigella 

Dei 
trose ^ 

Man 

nitol 

}>IaItose 

Sucrose 

Indol 

Dysentenae (Shiga) 

+ 

o 

0 

«, 

+ 

Ambigua (SchmiU) 

+ 

e 

0 

9 

PandysenCerue 

Hiss type (\ ) 

+ 

1 + 


0 

+ 

Flexner type 

+ 

+ 

+ 

0 


Strang type 

+ 

+ 

0 

+ 


Sonnei , 

+ 

+ 

+ 

+ 


Dispar 

+ 

+ 

+ 

+ 



Recent work has shown that the types of S paradyicnteriat may be variable in their 
fermentative reactions and that groups based on these properties may not always 
correspond to those based on serological reactions The latter classification is 

fore preferable For the production of therapeutic sera a number of strains of different 

antigenic properties both mannite and non fermenting mannite strains should be used 
Tonns — Dvsentery is probablj a true toTaemia its symptoms being 
referable almost entirely to the absorption of the toxins of the bacillus 
from the intestine Expeninents carried out chiefly upon rabbits have 
showed that even small doses of cultures of the dysentery baciUi adminis 
tered intravenously or subcutaneously produced death m a very short 
time 


The earlier investigations by Conradi Neiser and Shiga VaUiard Dopter Flexner 
and Sweet demonstrated that the toxia was chiefly an endotoxin Later however 

Todd Kraus and Doerr Rosenthal! KoUe Heller and Neufeld showed that the dy sen 

tery bacillus may produce a strong soluble tozm It seems evident that the dysen ery 
toxin while not identical in action with the true soluble toxin of the diphtheria bam u 
nevertheless resembles this toxin more than it does the toxin of either the typooi 
bacillus or cholera sptnllum 

As was first shown by Todd the anbtoxic serum when added to solutions or iu*i 
after half an hour neutialiaes the poison m the test tube and upon the subsequen 
imection of the mixture into rabbits no toxic action is observed The serem a 
followed up to a certain extent Ehdicb s law of multiples Kraus and Doerr have 
produced specific anUtoxms with the toxm 
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Bahr reported that from his erpenenc* 0 * great BAjotity of tamers even when ippar 
ently healthy are stUl suSenng from nkeratioa of the intestinal mucosa and that 
wherever sigmoidoscopy has been tirefuDy performed ulceration or inflammation of 
the lower sigmoid or of the rectal ampulla have been revealed The percentage of 
carnets discovered in different locihlies has varied greatly Dunng the War Verzar 
in4t7casesof convalescing d)8enieryiBGeniiao3r discovered 77 carriers while Fletcher 
and McKinnon in convalescent English troops found some 7J earners in 935 eases 
Sergent d scovered 13 chrome earners anmog a group of 67 pilgf'™* "fio recentl> 
returned from Mecca Shiga has particubcly emphasized the fact th t it is through 
earners that infection survives dunng the inter-epideimc penods In Japan R. C 
Connor and Bates beheve that the spread of the disease in P nama is especuUy if not 
wholly due to carriers Itowever Boyd (1940) doubts that earners are instrumental 
m the spread of the disease m India 

Duval and Sharer have found dysentery bacilli in the dejecta of healthy 
children in connection with the study of summer diarrhoea of infants and 
Martha WoUstein has isolated dysentery bacilli from the intestine at 
autopsy of children who had not suffered with symptoms of dysentery 
immediately or shortly before death 

AumaU —Bowman in 1910 found 10 two of ou bboriiory monkeys m the Phihp 
pinf| spontaneous bacillary dysentery Ravaut sod Dopier also isel ted the organism 
f om monke>s m captivity m Pans and Scott in one instance from a gorilla Dogs 
ha « also been found infected in a few insUnees as noted recently b) Dald in China 
but It IS not believed that the disease is coomonlv spread by animals 

Distribution — The dysentery bacilli arp present m the intestinal tract 
and in a few instances have been found in the mesenteiy glands but they 
do not generally invade the blood stream or appear in the urine though 
especially m earlier years a few case were reported in which dysentery 
bacilli had been isolated from the blood urine and spleen As the organ 
ism doev not generally invade the blood stream we do not £nd it in the 
unne (except possibly very exceptionally) so that to a certain extent the 
dysentery bacillus earner js less dangerous than the typhoid one Never 
theless infection of the unnary tract may exceptionally occur Neter 
(1937) has reported 3 cases of infection of the unnary tract caused by 
Bactilus d)S(nlertae and has reviewed 14 cases of dysentery bacillus infec 
tions of the urinary system collected from the literature 

The unne spec mens from his 3 esse* reveaW the presence of dy.enlery bacilli 
All w re females a of them children and one an adult in pregnancy The patients did 
ot present ft history of dysentery or how any cUiucal evidence of intestinal invol e 
ment At least of the 3 patients appeared to be 1 carnet f dysentery bacilli and 
the d)se tery b cillus was demonstrated in the inlesunal tract even 4 weeks after the 
child had recove ed from the acute dysentery haoll a cystitis Dysentery bacilli 
were never tecov d from the faeces in the second cate All 3 patients recovered 
wilbin a few weeks Both children were treated w th maud he acid the thud patient 
wilbmeUie ami e The patienlsshovedagglatiuoain their s mm with the dy entery 

tgan sa 

It IS possible that infectious material may sometimes be disseminated 
m moist dust and thus contaminate food but this is evidently not a com 
mon means of infection or spread 
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tery baalli are frequently not present in \eiy Urge numbers in the dejecta except dunn^ 
the acute stages and the disease is probably not wdely disseminated m this mamier 


Fly transmission is usuall> of much greater importance and is likely 
to occur in the tropics especially among the inhabitants of rural villages 
or troops in camp nhcre open latnnes are employed, and kitchens food 
and mess tables etc are unscreened It has been nell recognized that 
dj sentery bacilli tv lU liv e for several days in the intestine of the fly and be 
passed in the dejecta Manson Baht demonstrated Bacillus dysenterm 
m the intestinal tract of the house fly s days after its ingestion Taylor 
m Salomca and others have also isolated dysentery bacilli from flies, 
Tay lor finding that the orgamsms dimimshed rapidly in the fly after 24 
hours from the time of the original infection 

The Bacillus dy senlertae may remain alive also for considerable time in 
moist soil, and the local water supplies may be contaminated with faecal 
material which has given rise to sharp outbreaks In the Philippine 
Islands in 189^1900 probably numerous infections occurred from men 
filling their canteens (contrary to instructions) with infected water col 
lected on the march or about temporary camps Evidence has also been 
given of water acting as the medium of infection in the Malay States by 
Fletcher and Jeps by Manson Bahr in Fiji, and by Dudgeon in Salomca 
during the war It has been demonstrated that the dysentery bacilli may 
survive in drinking water for over 3 weeks However, they are readily 
destroyed by the direct action of the sun s rays 

earners — The disease may also be spread by carriers especially those 
who are convalescent from the disease as the investigations of Conraci 
Shiga, and many others have demonstrated Carriers among cooks and 
handlers of food may obviously be especially dangerous It is now 
thought that the striking prevalence of the disease in insane asylums is 
associated with the difficulty of making such patients observe the proper 
care of their hands as well as their persons 

Friedmann has noted an outbreak of dysentery due to the Shiga type 
of bacillus which was instituted by a soldier returning to the barracks 
from a furlough There resulted 86 cases in the man s regiment of which 
49 belonged to his own squadron The spread of the disease was traced 
to the latrines The epidemic was suppressed by the enforcement of the 
most rigid rules of cleanliness especially as regarding washing of the hands 
after leaving the latrines 


The stools of the convalescents w 


IS discharged from tie 


hospital unless his stools were negative for dysentery bacilli upon 3 successive test 
14 days Isolation of the bacilli from convalescents was obtained in 40 patients on > 
for periods under 14 days while with 27 others such carrying of bacilli lasted from 
weeks to X month 

The earner state in bacillary dysentery does not as a rule persist ® ■ 

Unirth of lime though a few escepUoas have been reported Perry found tbat 
A JLrr slate freouently persisted from 4 to 6 months and at the end of a year nea y 
r~r" . t.ll taalL C th. Eh.g. typ. b.t m lb. o 

infections with the Reiner type the percentage was 7 Hudson reported » 
Fleiner infection in which the bacillus could be domonstra ted for 3H Mauso 
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Its preseate may be demonstrated in either fluid or sobd cultures 
InoculaUon ot a suitable broth culture causes a partial or complete cleantig 
of the turbiditj in from 4 to *4 hours The potency of the bacteriophage 
preparation can be measured by adding varying amounts to a fresh culture 
In some cases as little as one part of the filtrate in a billion parts of culture 
will effect lysis If transplants of such a nurture are made to an agar 
plate shortly after inoculation a surface growth is obtained which is pitted 
with clear glasbj areas or plaques These plaques may occur in the center 
or around the edges of discrete colonies giving the culture a moth eaten 
appearance Smears from these areas show only an amorphous debris 
When lysis becomes complete no growth is obtained in subcultures 
D Herelle refers to these plaques as colonies of bacteriophage 

The growth ot bacteriophage in a culture (ttquently results in the development of 
vanant types ot the culture which may be enhanced or diminished in virulence S 
forms may be changed to R forma and mucoid types frequently develop 

ileeli uiHe/ Lysis — Under the nucroacope th affected h ctena can be seen to swell 
toarelativelygreatsizeandburslsuddeoly D Herelle believes that th phenomenon 
is due to mulUplieaUon of the hactenophage with o the cell Btoofenbienner has 
suggested that the d compositonoftheprot ns of the cells by some ferment or enzyme 
may m se the 0 motic pressure and cau e water to be absorbed into the cell 

I aitlsly —Bade ophage may witbst nd beating to is C for H hour and resists 
diyi g for some tine According to d Herelle us r si tance in general is greater th n 
that ot vegetative bacteru and levs than that of sporebeartra 

Spectfiaiy — Bacteriophage is generally (though not ahvayg) specific 
for certain species of bacteria It may act upon closely related species 
Sometimes its activity i> limited to a certain strain of a species Adapta 
tion to other organi ms may occur to some eAtent D Herelle believes 
however that there is only one very adaptable bactenophage while others 
believe that there are distinct types It has been found to be anttgemc 
Since the bacteriophage cannot be obtained free from lysed bactenal 
bodies antisera contain also ordinary bactenal antibodies After absorp- 
tion of such sera with the bacteria themselves however a substance 
remains which will inhibit the action of the homologous bacteriophage 
This antibody is said to be specific for the bactenophage used la its produc 
tion irrespective of the bacterial substrate upon which the bactenophage 
was propagated Stitt and Clough (193$) 

Use tn The afy —D Herelle believes that bactenophag actioa plays a significant 
pa t in reco ery from infect on and in the nse and fall of ep demica He claims to 
t e t uccessf lly such infect ous as dv enteiy typhoid plague cholera etc with 
hactenophage p eparations The e resnitg have n t been confirmed by others Such 
oIuUo sate very antigenic by reasoBof Uielvsedb ctena wh qh they conta n and this 
fact must be remembered in evaluating ihe results obtained 

A number of authors however report good results from its use I callyandparenter 
Uy in local d septic infecti ns and also in cokm bacillus infections of the unnary 
t ct Krestowiukowa and Cub nh vedemon trated that when bactenophage prepa 
r tioQs are inj ct d parenterally the lytsc g nt is f u d in all the tissues within a 
few nunutes but disappears within 6 or 8 hours 

Bactenophage as was mentioned was first discovered m relation to 
Bacillus dysenUrtae (Shiga) It was later found that the dysentery phage 
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Bactenophage — In certain d>sentery epidemics none of the types of 
dysentery bacilli ^\hlch have been described could be found This was 
sometimes supposed to be due to scaraty of dysentery bacilh present in 
the dejecta It has been generally recognized that the dysentery baoUi 
are most prevalent in the dejecta only m the early and very acute stages 
of the disease Later D Herclle (1917) suggested an explanation for these 
results and It was in connection tvith the study of dysentery that the dis 
coveryofhis bactenophage was made He made the interesting obser 
vation that if the dysentenc dejecta were diluted with bouillon and then 
filtered, and small quantities of the filtrate w ere added to bouillon cultures 
of the dysentery bacilli the bacilli were dissolved It was later assumed 
that the action of the lytic agent was due to an invisible filterable virus 
which was able to multiply only in the presence of living bacteria He 
found that this bactenophage ’ appeared during the first week of the 
disease and usually persisted into the third or fourth week 

Other investigations showed that bactenophage is a filtrable yet par 
ticulate substance w hich causes lysis, or dissolution of susceptible bacteria 
It increases m quantity in the process and can be transmitted indefinitely 
from one culture to another 

Discovery aad Nature of Bactenophage — ^Twort in 1915 while wortisfon ihe 
filtrable viruses observed a glassy degeneration of ceilaia colonies of cocci in wbica 
no intact organisms were demonstrable in smears InoculaUon from these areas mW 
normal colonies produced simibr areas Thu lytic agent was filtrable and ceuW be 
transmitted serially in cultures Id 1917 dHerelle discovered that sterile filtrates 
from the faeces of a case of Shiga bacillus dysentery contained a substance which would 
after a preliaunaiy period of jnmbalion (a-ae hrs ) inhibit and finally ^ ^ , 
organisms m an actively growing culture of the Shiga bacillus He also found tw 
filtrates from this lysed culture acted siimlarty on a fresh culture even in minute amounts 
and that the lytic principle could be propagated indefinitely in Shiga bacillus cultures 

The nature of thif lylie suhstanee is still disputed D Herelle who has been the mos 
active investigator of the problem is convinced that it is a minute organism living as a 
parasite on susceptible bacteria and named it ProMios baclenophagut Many other 
investigators however beheve that the phenomenon is due to autolytic fermen 
derived from the bactena themselves Bordet and his associates postulate the tieorv 
that a mutational change which he terms a hereditary nutritional vitiation occura 
in the bactena These variant strains then develop the property of producing 
lytic substances which in turn aflect other sensitive bactena In order to 
development of lysogenic strains (which contain the lytic principle but are thetoselve^ 
resistant) he further assumes that such strains continue to produce the lytic 
transmit this property to other generations yet arc themselves able to resist me ij™ 
action Hadley has made the suggestion that the bactenophage is perhaps a nltra 
phase in the life cycle of the bactena 

Demonstrahonm Cultures — Bactenophage can be obtained easilyfrom 
faeces or sewage It is often present in water and soil and has been iso 
lated from pus infected unne and other substances It is someUmes 
present in laboratory cultures in a latent or ev en m an active form Alter 
isolation by filtration its potency can be increased by repeated inoculation 
into susceptible young cultures Old or dead cultures are not affected 
It IS never demonstrable except in conjunction with actively growing 
young cultures 
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more diffuse (bright red) haemorrhages with irregular margins measuring 
from 2 to 4 mm or in other instances a centimeter or more in diameter 
The solitary follicles are generally swollen and raised and of a bright red 
color Scattered about them may be small red sharply circumscribed 
purpunc like spots Occasionally the badcground of the intestine may be 
described as though cosered with a bright red eruption but with darker 
red haemorrhagic areas scattered oxer this background In the v ery acute 
cases no definite ulceration takes place but only this more or less super 
ficial coagulation necrosis of the mucosa 



On opening the small tnUshne the mucus surface throughout may be 
normal but in about one third of the acute cases the loiver loor 15 centi 
meters of the ileum is inxolved IVhen this is so the intestine presents 
in general the same reddened haemorrhagic appearance and is covered 
iMth a necrotic mucus layer as in the large bowel However there is not 
the oedema and thickemng of the intestinal walls as obserx ed in the large 
intestine Peyers patches may be only moderately swollen or m some 
instances appear not involved The sohtaiy follicles are often raised and 
haemorrhagic The process is never so well marked in the ileum as in the 
large intestine 

When death occurs in the subacute form the mucosa of the intestine 
has lost its bright red look The solitary folbcles may be more swollen 
haemorrhagic and of a dark red color The surface of the bowel is some 
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IS specific for both mannite and non mannite fermenting strains and is 
elmtnated in the intestinal canal of patients recovering from baollar) 
djsenter> Evidence was also obtained that different bactenophages 
wrere developed in the intestine according to the invading organism and 
Milles 1937 has emphasized the importance of identification of the dif 
ferent tjpes of djsenterj bacilli b> means of the specific bacteriophage 
B> such means he has reported that he has made a diagnosis in 95 per cent 
of cases in 24 hours of the types Shiga Fle\ner, Hiss and Strong 

It has been observed that during the course of the dysenier} there 
appear to be fluctuations in the virulence of the bactenophage obtained 
from one indiv idual case and also m the resistance of the bactena and it 
has been maintained that the beginning of an improv ement m the patient s 
condition coincides with the time that the virulence of the bactenophage 
excreted in the stools dominates the resistance of the djsentery bacillus 
D Herelle believed that the conditions reproduced in the living bodj are 
the same as can be observed in the test lube He found that m fatal ases 
of bacillar> dj senterj at no time during the course of the infection did the 
intestinal bactenophage show an> activit> on the dysentery bacillus 
either for a laboratory strain or for those strains isolated in stools from the 
patients The belief was held that in an epidemic cases of diarrhoea maj 
be in reality cases of aborted bacillar> djsenter> due to the rapiditj with 
which the intestinal bactenophage adapted itself against the invading 
organism 

Reference to the use of bacteriophage as a therapeutic agent will be 
discussed under treatment 

PATnOtOCY 

While the microorganism of cholera is one which affects especially the 
epithelium of the small intestine the djsentery bacilli affect especial) 
the epithelium of the large intestine 

The Acute Form — The pathology vanes considerably according to the 
virulence of the infecting organism and the susceptibilitj of the individua 
In the cases which have been severe and acute on opening the abdomen 
the submucous and muscular coats of the large intestine are usua j 

oedematousand swollen the blood vessels of the submucosa injected an 

in places there are diffuse haemorrhages In some instances fine ! 
of fibrin are present on the peritoneal surface indicating a lymphoi 
peritonitis On opening the large mtestine usually its whole length is 
involved from the caecum to the anus In acute cases the mucow is 
covered with a superficial lajer of mucus and necrotic material ^ i® 
may extend for a distance of 10 or la cm into the ileum This necro ic 
lajer consists of mucus red blood corpuscles polymorphonuclear Ituco 
cjtes epithelial cells and many large swollen macrophages somecontain 
ing red blood corpuscles Man> bactena are also present Ifonebrus es 
this mucus layer lightlj aside the bnght red injected appearance of e 
intestinal wall becomes more plainly visible Fig 139 Dotted 
there throughout there frequentlj are small sharply circumscribed 
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sometimes difQuent Thekidne>sarefreqaenU> congested and both kid 
nejs and liver may show parenchjmatoos changes In a few cases central 
necrosis of the suprarenal glands has been observed 

Advanced Lesions — In other instances in which the patient has sue 
cumbed later m the disease the entire large intestine may be greyish red 
looking like lustreless red velvet Still later changes consist in the devel 
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opment of irregular islands composed of greyish membrane surrounded 
by the red swollen congested gut The solitary glands are usually swol 
leu and may soften and ulcerate having the submucosa as a has Ulcer 
ation in bacillary djsentery IS superficial rather than deep as is usual with 
amoebic djsentery The ulcers of bacillary dysentery more often involve 
the free folds of the intestine and evtend transversely while amoebic ulcers 
run IongitudinaII> The intervening mucosa is usually unaffected in 
amoebic ulcerations while m bacillary ones it usually is inflamed 

The ulcers of bacillary dysentery are not undermined In the later 
stages of the disease there is no longer evidence of an acute process about 
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times uneven due especiaU> to the irregular thickening of the mucosa 
The necrotic lajer of mucus is much less profuse than m the acute stage 
There maj be still no definite ulcers but superficial erosions are observed 
and white, grej, or greenish patches covered with diphtheritic or false 
membrane may be present, Fig 140 In removing this false mem 
brane, portions of the mucosa may come away with it In the most 



Fio 140 —Bacillary dysentery Death on loth day of d sease revealing o 
necrosis and diphtheritic tike patches on the surface of the mucous memor 

severe cases almost the whole intestine may show this process In cases 
which have died later m the disease the mucosa may take on a mamma 
lated appearance . 

Other Organs — The mesocolic glands especially those adjacent 10 
large intestine are usually swollen and frequently haemorrhagic n 
those who have died early in the disease there is no emaciation 1 
right side of the heart is frequently engorged and the spleen dark red an 
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in their production In some of the case which have become chrome 
the pathological condition resembles that which has been described for 
idiopathic ulcerative colitis 

Bargen (1935! of the Mayo Cluuc has believed thia condition due 
especiall> to invasion of the lesions with a specific diplostreptococcus 

Paulson (1933) and Crohn {1936) have carefully studied the etiologj 
and treatment of this idiopathic ulcerative colitis which they point out 
has been so frequentlv ob erved in our hospitals Undoubtedly strepto 
cocci play an important role in these ulcerative conditions many of which 
result primarilj from amoebic or bacillary infection A specific diplo 
streptococcus however cannot be regarded as the pnmarj infecting agent 
of this group 

Mackie in a study of 83 consecutive cases of chrome ulcerative colitis 
in New York found that 42 per cent presented cultural or serological evi 
dence of bacillary dysentery and dysentery baalli were recovered in 20 4 
per cent In the cases of long standing in whKh the intestine is chtoni 
tally thickened and sclerosed the primary infectious agent maj already 
have disappeared 

Sigmoidal Lesions — It is difficult to determine the earliest lesions of 
mild bacillary d>sentery eases since patients do not usually succumb to 
mild infections Manson Bahr ((939) has made extensive and careful 
studies with the sigmoido cope and he and Btggam (1930) have described 
what they regarded as the earlier lesions Manson Bahr thought they 
appeared to originate in the l>mphoid follicles These becoming infected 
give rise later to superficial snail track ulcers which travel aero s the 
bowel spreading on the edges of the transverse folds of the mucosa In 
addition there is<a catarrhal involvement of the mucous membrane and 
the secretion of much visod mucus 

Complicating Lesions — Dew and Faitlej (1931) in a study of 2$9 
acute fatal cases often observed myocarditis and pericarditis as complica 
tions In one instance a splenic abscess was encountered from which a 
Flexner strain was isolated 

Remlmger and Dumas have described an acute suprarenal syndrome 
m 4 per cent of their cases Diagnosis was confirmed at autopsy by find 
mg hypertrophy of the adrenal The s>ndrome appeared in mild as well 
as in severe cases Histologically the supraienals revealed congestion and 
in some instances diffuse coagulation necrosis affecting both the cytoplasm 
and the nuclei of the cells 

In chron c dysentery Jlanson Bahr m a senes of some joo autopsies performed i 
Egypt fou dj nstancesofantimorlemperforattonotthettansversecDlonnithgeneral 
pe itonitis Such condiu n «h le not oncommon in amoeb c dysentery has not 
been reported befo e in bacill ry dysentexj H h s also observed a pathil gic 1 
CO dtQti«hichhe«Eatde4asad«<ctse<ivieIl ehio vc bacilUiy dysenUiy tonsisUng 
of the formation of tapioca tike mucus retentioii cysts varying in size from a hemp seed 
toth tofacberry which aert distributed unequally through thelirge intestine causing 
excrescences on the peritoneal surface OnincisioD a clear jelly hie muc s could b 
express d The retained matenal was often mlected vith dvs ntery bacilli and «itb 
BaettJus t I and m ght ult mately result m abscesses form ng w th the bow el wall. 
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the edges of the ulcers Fit^enUj ihcit borders and pitches of tbt 
mucous membrane about them, are greyish or greenish, rather than red 
Other bacteria particularly the streptococcus complicates such lesions 
which maj then extend in depth and become 
gangrenous In the patients who survnc 
the disease for long periods there is mote 
or less wasting and m some emaciation 
I may be marked 

j Histology — Microscopicallv m sections 
I oj intestine from acute cases there may 
be noted marked congestion of the blood 
vessels of the mucosa and submucosa, wlh 
dilated lymph spaces full of polymorph^ 
nuclear cells and endothelial phagocytes tae 
latter often containing red blood corpus's 
In the mucosa, ne find an outpouring of pw 
celb which are entangled along with tae 
glandular structures of the mucota m 
fibrinous esudate resulting in necrosis 0 
mucosa (coagulation necrosis) 

In many instances the crypts of Lieb« 
kuhn « follicles are de5tro>ed The laj"” 
matory process is usually very intense i 

‘'tS;“es.oas-V,rchowa...d.l. 
greater inleasil, o! the f ” 

the region of the 'ectutn s.tM>J 
and ilcocaccal valve Inlndia Rog , 

that in the chrome cases they ^ 
especially to the lower potUons of the la g 
gutond raR\y extended above j / 

-_I__ Ravaee have noted a 



gut and raR\y extenaeoauove^v'^'^ 

tolon WUlmore and Savage have noted a 

autopsy caves m which there was a m 
granulating surface over ^ , _2r 

intestine m cases which clinically ^ 
ently recovered but in which the 
cence has been greatly „ 

dea.a In chrome baciUary 
changes m the colon v oTtU 


Fig I4J— Heum and iWo 
caecal v ive The muco a is 
sitfollen and necrotic and cov changes itl the COLon someiimca 
ered with a sraniiiw d phthec demonstrable by means of \ray P 
Itt.sr.'-jyrpp'.)”*" " b„. as a ttJ. the plates do oo. 

defimte information as a rule 

Seconaaij Lesions -The necrosis in the eather J *4 

eetend much deeper than the moscdaris mucoye " „„„„rac 

uoat and through tt there IS frequoitly much inflamrnaUt, 

lion and deposition of fibnn The concerned 

deeper in the chronic cases, where other bacteria are present ano 
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tendency to mental disturbance The mind however is usually clear 
Fever of moderate degree is not uncommon 

In the majority of the severe cases in the tropics the onset is acute 
with cohckj pains diarrhoea and tenesmus Within 24 to 48 hours the 
stools usually consist only of bloody mucus There may be from 20 to 40 
or more small movement within 24 hours Vomiting is not infrequent 
The temperature ri es to roi to 104 or higher and maniacal symptoms 
may be present but in other cases there ma) be sudden collapse and the 
temperature subnormal from the onset The abdomen at first may be 
swollen the intestine diitended and later shrunken There is usuall> 
definite tenderness along the colon The appetite is la.cking the patients 
usually refuse food as it increases the dysentery and they frequently 
rapidly sink and die In the acute cases the stool may be almost pure 
blood with only an admixture of mucus Vesical tenesmus may also be 
present and the urine may be diminished in amount 

The toxic effect on the heart may be apparent so that the pulse tends 
to become accelerated and weak The blood changes are not constant 
There may be a moderate leucocytosis with increased polymorphonuclear 
percentage instead of a large mononuclear increase as often found in 
amoebic dysentery At times however the lymphocytes may show the 
greatest relatis « increase In rapidly fatal cases the number of leucocy tes 
Clay not be increased 

Id t aen«i cl blood couats >t the Ptbing Uiiiod Medial Collett the avetage couBti 
DfouncompUcaced cases w<(« (na 10 000 to ts 000 while m 14 acuta cases »{ amoebic 
dysentery ^e average count was in tb neighborhood el ig 000 In a Dumber et the 
nuldcas sofbaeill ry dysentery the white cell count is not above Domal Agglutmins 
for the dysentery bacillus m y appear to the blood after from 6 to to days of the onset 
el the disease hence sero^agnosis is of do value except m the later stages 

The agglutination test is on the whole unreliable in bacillary dysentery 
In some cases the serum may show an agglutination in a dilution of 
I 50 In other cases there may be no agglutination in dilutions of 1 10 
or I 20 Normal serum will sometimes agglutinate the dysentery bacillus 
in such dilutions The agglutination test is more satisfactory than the 
bactenolylic reaction for differentiating the different strains of d> sentery 
bacilli The use of the test for diagnosis is desenbed later 

In the chronic forms lasting over months the patient usually continues 
to have diarrhoea and passes loose stools containing more or less mucus 
This Condition may last for years and end in death from exhaustion or 
the symptoms may slowly disappear In such cases caecal papillomata 
or polypi sometimes appear which have been desenbed in idiopathic colitis 
Collapse Types — In the most severe types of dysentery we may have 
an abrupt onset with ngors and vomiting and high fever This fever 
gives way to subnotmil temperature and the patient shows signs of col 
lapse and rarely such a case may die without having passed dysenteric 
stools The abdomen is ngid and very tender on palpation 

Entero-dysentery — In those cases where the process extends to the 
lower portion of the small intestine the general symptoms may be much 
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He believed that these cysts fonn through proliferation of the mucous menbrsue 
beneath the muscularts and that they may explain the occurrence of mucous colitis 
sofrequently a sequel of baallary dysentery Fletcher and Jepps in the Malay States 
also describe a similar pathological condition in chronic cases of dysentery aod u 
earners In cases of chronic infection polypoid growths sometimes result 

An important sequela of severe infections is stenosis of the colon The 
large intestine may in some cases become a narrow tube adhesions to 
the surrounding organs ma> form and painful peristalsis may result 

Mixed Infections — The lesions in the intestine of chronic bacillar) 
dysentery may constitute foci for a general invasion by streptococci or of 
strains of Bacillus colt The writer observed such terminal infections in 
the Philippines m earlier years and Manson Bahr and Enright reported 
9 cases clinically, and with post mortem examinations in which there was 
py aemia, the organism being isolated from the blood and urine In some 
cases a variety of colon bacillus was isolated in pure culture from abscesses 
in the cortex of the kidneys 

Double infection with amoebic and bacilkry d}sentery has been fre 
quently reported in natu es, but is not so common m the white race An 
unusually high percentage of infection in natives has been reported by 
Fletcher and Jeps Bacillus dysenitrtae having been isolated in 37 of 198 
cases of amoebic dysentery Bacillary dysentery also not uncomooob 
occurs as a terminal infection m visceral leishmaniasis (kala azar) 

Symptojiatoi-ocv 

Bacillary dvsentery usuallv runs an acute course, rarely relapsing but 
sometimes going on to a chronic condition The period of incubation is 
usually from 2 to 7 days although accidental infection with baalli m the 
laboratory has given an incubation period approximating 24 
Penods of incubation longer than a week can perhaps be explained as for 
cholera such cases being in those who are healthy earners but by reason 
of some gastro intestinal upset the quiescent bacilli take on pathogenic 
activity 

In temperate climates and in particular when the infecting organism 
IS a Flexner type (non mannite fermenting and not of a virulent strain; 
the case may be mild in character with a gradual onset of the intestin 
symptoms consisting of a watery diarrhoea associated with colicky 
and anorexia The stools soon became more scanty in amount frequen 
in number and assoaated with straining This is followed by 
stools more or less tinged with blood The temperature is normal or bu 
slightly elevated and the patient does not seem ill , 

In the tropics and in temperate climates where a virulent strain of 2 
Shiga bacillus is the infecting organism the onset is usually rather sud en 
with malaise abdominal pain and a diarrhoea which only temporan ) 
relieves such pain This initial diarrhoea is soon followed by the charac 
tenstic dysentery stool and is accompamed by pain which tends to cen 
about the umbilicus and to become continuous There is usually ° 
appetite and slight nausea and the patient may at times show a slig 



BACTLtAKTr DYSENTERY 


565 

been recognized as dysentery may have beett cansed by dysentery bacilli and suggests 
agglutination stud es in arthntis cases »hete no distinct history of dysentery is obtain 
able Cope in Salonica has also noted an ankylosing type of arthritis with penarticu 
lar thicken ng resembhng true rheumatoid arthntis la addition to the arth it 5 there 
may be neuritis which in severe cases may go on to muscular atrophy 

Parotitis due to secondary infect on perhaps through the moutii and throat has 
been frequently noted a a complication Karely conjunctivitis and indocycUtis may 
occur Subnormal temperature may follow severe atta<^ 

In some epidemics of dysentery tanpeneut maKftstalt ns have been common 
Th s IS a very fatal type that is recognized by the pass^e of dark brown serous d s 
charges containing ashy grey to black slougba or even tubules of gangren us mucosa the 
stoolhavi g a putnd odor The genera) qrmptoms are pronounced there bemg a dry 
glazed tongue and low muttering delmum with a thready pulse The condit on 
resembles the typhoid state 

Chrome Cases — It has been usual to consider bacillary djsentery 
generally as a self limited disease running on to comalescence within 10 
days to z weeks Rogers has called attention to the importance of bear 
mg in mind a chrome condition especially m natives as well as an acute 
one In these chronic cases the ulcerations are usually located m the 
descending colon sigmoid flexure or rectum and give rise to frequent 
stools containing blood and mucus and causing a progressive loss of 
strength and weight There is marked digestive disorder and the patient 
becomes weak anaemic and neurasthaemc In such cases stenosis of the 
large intestine rxia> result and atony of the large bowel with post d>sen 
tery constipation Manson Bahr and others have observed a post d) sen 
tery form of djspepsia in which achlorhydria and hypochlorhydria have 
been found 

Lobar or bronchial pneumonia is a not infrequent terminal event m 
the chronic form of d>sentery 

SowE Dysentery 

The Sonne bacillus was first reported by Kruse and his associates who 
described it as a lactose fermenting or E race of pseudo dysentery bacUli 
In 1904 a lactose fermenting organism was found by Duval m the United 
States and in 1915 Sonne gave a detailed descnption of it dunng an out 
break of d> sentery in Copenhagen Subsequently it was found especially 
m England Egypt Australia Brazil and since 19^0 in a number of out 
breaks in the United States Several small epidemics in New \ork. State 
and elsewhere have been reported by Gilbert and Coleman (1929) and 
Leahv (1931) In Japan it has been said to have caused acute dysentery 
in children which is known under the name of ekirt 

The organism is non motile and resembl s in raorpl“>loeical ch tactenstics the 
dysentery bacilli. On agar fonns of coki es have been ob erved one round and 
sm oth and (be other flat and irregul r The difleieot colonies m y vary in agglutina 
I on single smo th colonies giving difleient react ons f m rough ones On lactose 
I tmus agar th colonies are at first bluish and later redd sh The btmu milk remains 
unchanged at tirst but lactic acid » produced and it gives a negat e methyl red reac 
t on On McConkey s med um tbe coloiu freqne tly show a small ce tral po nt of 
ac d ty on the somewhat opaque hackg qad Mutations of the organism have been 



COMPLICATIONS 


564 

more severe although sometimes the tenesmus is less and the stools less 
frequent and more voluminous They contain much blood and mucus 
mixed with faeculent material Shiga employed the term ‘ entero djsen 
tery ’ lor such cases 

In severe cases with more typical dysentery or colo dysentery (as 
designated by Shiga) as the disease progresses the stools may change from 
the muco purulent mass to a serous discharge which is very nch in albumin 
and of an alhuminous odor In such cases emaciation of the patients is 
very rapid They may show signs of collapse with cold clammy skin 
and the clinical picture one associates wnth cholera It has been suggested 
that such cases may he due to action of the dy sentery toxins on the adre 
nal The serous fluid may contain the flesh hke particles which the 
French liken to gut scrapings Organisms of the Salmonella group are 
sometimes present in such cases and not dysentery bacilli 

Complications — Persistent temperature often indicates complications 
There may be derangement of the nervous system mama or temporary 
paralysis of certain groups of muscles Delirium may occur toward the 
do e Inflammation of the joints and tendon sheaths not infrequently 
occurs 

A TthrtUs may be frequent m one epidemic and not observed in another 
The knee joint is the one most commonly involved less commonly tli» 
ankles In a seri«*s of cases studied by Graham both joints were attacked 
m 16 cases -and one in 15 The ankles and elbows come next in order of 
frequency In some cases the arthritis appears late in the course of the 
attack Klein reported 8 cases out of a series of 973 in France m which 
the knee joint was involved m every case and the onset occurred on the 
average on the aoth day after the infection Other observers hav® 
reported this complication as occurring from the 6th to 23rd day, whik 

Cope(i92o) in Mesopotamia who observed joint trouble m i to 2 per cent 

of bacillary dysentery cases found that this complication developed up to 

3 months after the primary attack 

In cases which have been aspirated the fluid was reported as straw 
colored slightly viscid and usually stente on culture However Smyly 
(rpyy) states it has occasionally been found to contain B dysentenae an 
Elworthy has recorded that on one occasion he isolated B dysenlenae from 
the sy novial fluid He employed a large amount of joint exudate but only 

4 colonies of the orgamsm appeared on the plates Klein and Zia an 
Smyly (1931) have noted that inflammatory fluid from the joint may have 
the property of agglutinating the dysentery bacillus in a titer even hig 
than that given by the blood serum 

The joint swelling usually eventually clears up completely and appar 
ently the fluid has never been reported purulent m character 
heart lesions been observed in connection with dy sentery arthritis Som 
of the reported joint involvements have m great probability resulted from 
serum reactions from the anti dysentery serum used for treatment 

Clifford has reported 7 cases of arthntia deformans in 4 of which there was a 
of a dyientery due to Flexnet type baalli He suggests that mild cases which have 
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been recognized 3S dysentery way liave been caused by dysentery bacilli and suggests 
agglutination stud es in artiintis cases where no disDoct history of dysentery is obUin 
able Cope in Salonica has also noted an ankylosing type of arthritis with periarticu 
lar th ckening resembhng true rhcuiBaloid arthnt s In addition to the arthnt s there 
may be neuriUs which in se ere cases may go on to muscular atrophy 

Parotitis due to secondary infection perhaps through the mouth and throat has 
been f equently noted as a complication Kar^ conjuncti itis and indocyclitis may 
occur Subnormal tempeiatuie may toBcrw severe attacks 

In some epidemics of dysentery tanpenout manjcstattons have been common 
This IS a very fatal type that is recognized by the pas age of dark brown serous dis 
charges conta n ng ashy grey to black sloughs or even tubules of gangrenous mucosa the 
stool having a putnd odor The general symptomsare pronouncei there being a dry 
glazed tongue and low muttering delmum with a thready pulse The condition 
resembles the typbo d state 

Chronic Cases — It has been usual to consider bacillary dysentery 
generally as a self limited disease running on to convalescence within 10 
days to 2 w eeks Rogers has called attention to the importance of bear 
mg in mind a chronic condition especially in natives as well as an acute 
one In these chronic cases the ulcerations are usually located in the 
descending colon sigmoid flexure or rectum and give rise to frequent 
stools containing blood and mucus and causing a ptogressivi loss of 
strength and weight There is marked digestive disorder and the patient 
becomes weak anaemic and neurasthaenic In such cases stenosis of the 
large intestine may result and atony of the large bowel with post dysen 
tery constipation Manson Babrand others have observed a post d>sen 
tery form of dyspepsia in which achlorhydria and hypochlorhydria have 
been found 

Lobar or bronchial pneumonia is a not infrequent terminal event in 
the chronic form of dysentery 

SoNNB Dysentery 

The Sonne bacillus was first reported by Krusc and hts associates who 
described it as a lactose fermenting or E. race of ppseudo-dysentety bacilli 
In 1904 a lactose fermenting organism was found by Duval in the United 
State and in 1915 Sonne gave a detailed description of it during an out 
break of dysentery in Copenhagen Subsequently it was found especially 
in England Egypt Australia Braj-il and since 1930 m a number of out 
breaks m the United States Several small epidemics in New \ ork State 
and elsewhere have been reported by Gilbert and Coleman (1929) and 
Leahv (1931) In Japan it has been said to have caused acute dysentery 
in children which is known under the name of ei^tri 

The organism is on mot le and re embles la morphological characteristics the 
dysentery bac lli On agar a forms of colomes have been observed one round and 
smooth and the other flat and irregular Hie diS rent col mes may vary in aggi ti 
tion a ngl smooth colon es giving d ffeient re ebons from rough ones On lactose 
litmus agar the colonies are at first blntsh and hter reddish The litmus milk rema ns 
unchanged at first but Uctic ac d is prodaced and it gives a negat ve methyl red reac 
t on On McConkey s med um the c lo les frequently show a small central point of 
aadity on the somewhat opaque backgnrand hfuUt ons of the organism have been 
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observed and great variability has been descnbed in the serological properties of Met 
ent strains and at times tn some of the reactions in sugars The primary cultures iit 
not agglutinated by speaSc serum after 4 hours at 55 C however subcultures htet 
may become agglutmable and all strains absorb agglutinins It has not been demon 
strated that serum prepared from Flevners strains contain agglutinins for the Some 
bacillus 

Reynolds (iq» 4) has studied the dissimilatioa of lactose and succrose by the Sonne 
type of organism He found both alkaline and acid colonies suggesting changes m the 
metabolism of the organism accompanied by changes m the production of carbon 

dioxide acetic acid and ethyl alcohol The organism has very frequently been isolateJ 

in cases of intestinal disturbance Wliether it alone is of important etiologicil sig 
nificance in dysentery has not been conclusively demonstrated It has been suggests 
that the organism may have produced toxins in the food ingested 


Cluucal Observations — Descnptions of the cbnical manifestations 
reported especially m England and m the United States during recent 
years, in which the Sonne Duval baciUus has been found have vaneJ 
greatly K.inloch and Smith (19 6) reported on one type in which the 
symptoms approximated those of acute dysentery with sudden onset 
diarrhoea colic and the appearance of blood and mucus in the stools W 
the second ty pe the cases assumed a more alarming aspect and approacce 
in virulence cases of infection with the Salmonella type Charles an 
Warren (19S9) descnbed cases with sudden onset vomiting and diarrhoea 
with stools more nearly resembling the choleraic form of Shiga ^y*®“**^ 
followed by rapid prostration Manson Bahr (j 939) repo’ll* 

great majority of Sonne infections the symptoms appear suddenly rese 

bhfig an irregular diarrhoea with greenish mucoid stools » 

tendency to fever but m the milder cases the fever is shght Catarr 
the respiratory system has been frequently observed m association wi 
diarrhoea The stools usually number 5 to 8 in 24 hours the acute symp 
toms generally persisting for 48 hours The stools remain loose 
greenish, but m the course of a few days generally become ^ 

formed Harvey (1933) has found that the acute infection in c 
under 9 years of age may be a cause of sudden death Hay (i93®' 
reported 2 fatal cases m the United States 


A considerable number of outbreaks of food poisoning have been report . 

Britain during the past few jears m which the Sonne bacillus has been 
Whether some additional inciting factor was sometimes present is not clear 
{1011) reported an outbreak among 13 people who had eaten a pease pudding 
were adults and 8 children Two of the children died Restated t^t 
was isolated from some of the pudding and it was suggested that we acute s^ 
produced were due rather to the toxins of the orgamsm which had gerinma 
pudding A number of outbreaks have been reported in institutions and r> ^ 

and Bowes (1938) have reported outbreaks which were definitely milk borne 

outbreak tbere-were aoo cases 1 he incubation period was P^^^ably lessen 
Recovery was usually complete m a week In the outbreak of the 

Bowes the organism was isolated from the milk as well as from the faeces 01 

patient Fifty nine of 106 households were affected m children 

In the United SUtes Nelson has found this infection to be wide . w, 

in Boston McGinnis and his associates (1936) in the study of 3 °° ° " jne 

Lnd Ssentery in Virginia found 50 of the cases due to the Duvall Sonne and 100 
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Silverman (i937) has suggested a new method for the diagnosis of chrome cases of 
d>scntery of lactos fermenting orgamsms by feeding milk containing the acidophilus 
bacillus He reports that this changes tb Teaction of the content of the large bowel 
Sonne bacilli appeared in the cultures ususUvafter the third week of suchfeedmg which 
were not found m the cultures before 


Ducnosis 

In the presence of the dysentent syndrome of tormina tenesmus fre 
quent "icanty stools of muco purulent or muco sanguinolent character one 
must keep in mind the \anous conditions which may give rise to such 
manifestations of dysentery and not make a diagnosis of bacillary dysen 
tery until we have excluded amoebic infection tuberculous cancerous and 
syphilitic processes as well as those connected with schistosome or other 
helminthic infections It is well to keep in mind that amoebic and bacil 
lary infections mav be associated in the same case 

Clinical Diagnosis -^The chmeal diagnosis of bacillary dysentery 
except in some cases of the acute fulminating type is often difficult 
While haciUary dysentery usually occurs as an independent infection it 
is not infrequently found as a terminal infection in a number of chronic 
wasting diseases such as pellagra scurvy and phthisis as well as in the 
parasitic infectious diseasn kala azar schistosomiasis and amoebic dys- 
entery Hence care must be taken to con&rin or exclude the presence of 
such diseases In pyrenil cases the possibility of infection with the 
paratyphoid organisms and Salmonella enteruus infection must be kept in 
mind Malaria also may be present as a complicating disease and dysen 
tery may cause a latent tnalanal infection to develop 

Amoebic dysentery may sometimes be differentiated clinically from 
bacillary dysentery by the usual absence of manifestations of toxaemia and 
by Its insidious onset and chrome course It is important however to 
remember that either bacillary or amoebic dysentery may show gangrenous 
manifestations and in such cases the clinn^ picture may be very much 
the same whether the process is amoebic or baallary Fulminant bacil 
laty dysentery may greatly resemble cholera m its algid stage although 
there is absence of typical nee water stools in dysentery and usually blood 
IS present The simple microscopical examination of the dejecta 
may suggest strongly the diagnosis particularly if no motile amoebae 
are present However a defimte diagnosis can only be made m some 
instances by isolating the dysentery bacillus in the acute stages of the 
disease from the intestine or stool by plate cultures 

Tr p cal liver abscess is a coniplicatioo e ctasively occurnag id lie amoebic form 
of dysenterj while joint manifestations and evidences of multiple neunlis may be 
noted m some epidemics of bacillary dysenteiy Aga n the toxins of the dysentery 
bacilli have a tendency to damage the tnyocardimn The good effects of the adminis- 
tration of emetine is in favor of tbe di gnosis of amoebic dysentery 

There is usually an absence of f ecat mitennl m the stools m acute b ciliary dyse 
te ) nd the 'oa'Ok. ol the stool is composed oJ de r or turb d amb r-colored serovs 
dud 1 nhich tioitcurledmas esoCnhite muc s flecked with bright red blood whle 
1 mo b c dysentery the lyp e I stool cooU s faecal m terial and mucus and bl od 
It h be hoM n also that the mi toscnpic an«vnace of the stools of these a types 
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of dysentery differ In fact a provisional diagnosis >1 bacillary dysentery can efttn 
be made by the microsco|ncal examination of the stools or from material obtained 
from the rectum In the exse of the stools j requisites are important the specunen 
must be freshly passed and early in the ourse of the disease \fter several hours 
the material usually becomes valueless for examination Callender (i944)en)phasiiM 
that in diagnosis the stool should be examined (i) for the presence of exudate (j) for 
the character of the exudate (3) for the presence of protozoan or other parasites and 
(4) bacten jlogically for the causative organism The doing of any one of this group 
without the other leads to a false picture of the condition present and has made our 
Statistical data essentially worthless 

Laboratory Diagnosis — Usually the chief point in diagnosis is to determine nhether 
« e are deabng with amoebic or ba^lary infection While these tiro bods of dysenteij 
rarely may coexist it is logical for the chmcian to consider a case in which there ire 
found amoebae with long rapidly extruded finger like pseudopodia and contaiDici 
red blood cells as one of amoebic dysentery 

A fresh specimen of the muco purulent stool of bacillary dysentery shows in addiuon 
to pus cells numerous targe endotbekal macrophages Some of these may show vacuob 
tion and in some instances even red blood corpuscles and may resemble considerably 
amoebae Occasionally leucocytes may he observed in their cytoplasm as well as 
granules and fat globules The macrophages may measure jo to 4SH m diameter and 
may be round oval orbdobed Such cells never show motility but under coadiuons 
of lowered temperature of the specimen or from prolonged standing and begmning 
dismtegration the amoebae too may fail to show motility Uarm stage prepantiosi 
should be searched for amoebae 

Differentfatiflg Stain —ff speameos are mounted id Gram s iodine solutioB thew 
large macrophages show a much larger nucleus than that which occurs in amoebae asd 
take the yellow staining of iodine more intensely Tbe most suitable procedure how 
ever is to make a smear fix it lightly by heat and stam by Gram s method or with 
Loeffler a methylene blue or dilute cacbol fuchsia These large phagocytic cel^ls itsu 
easily and well and in the Gram specimen there sometimes may be observed Gnn 
negative bacilli in the cytoplasm Giemsa s stain with methyl alcohol fixation or the 
usual AV right or Leishman technique answer equally well Oa the other hand it » 
rather difficult to obtain satisfactorily stained amoebae in this way it usually 
necessary to fix moist thin smears of the stool with some bichloride Native as Schaa 
inn a fluid and then carry out the staining with haematoxylin , 

The presence of pus cells as well as endothehal cells m a stained smear of oateti 
from a bacillary dysentery stool u of value in differentiating from an amoebic itw 
smear in which pus cells are rarely seen The amoebic dy senlery smear gives more t 
picture of granular debris Wore than 95 per cent of the cells of the smear from ba 
lary dysentery are polymorphonnelears which show' signs of degeneration as indica e 
by swelling and a ting type of nucleus due to accumulation of chromatin at the penpu ^ 
( ghost cells ) However at other tunes the smear may show these cells unchang 
and not unlike those seen in a fresh pus smear The red cells more generally are n 
clumped while in an amoebic dysentery smear we often note small clumps of red ce 
Columnar epithelium cells mononuclear leucoses and lymphocytes may ^ 

be observed m the specimens It should 6e emphasised that one should make t 
smears and examinations and also prepare cultures at the onset ol the 
these differentiating characteristics and tbe dysentery bacilli themselves may disapP 
later on in the disease and one should alwavs examine a stool as soon after it is pa 


iS possible . 

Cultivation — If the microscopical examuiation suggests a bacdlary infection 
should take a small portion of the stool containing mucus wash it in sterile 
then drop it in a tube of sterile bouilkm or salt solution After emulsifying m this 
of bouillon one may take up a or 3 loopfuls of the suspension and deposit to*™ ^ 
surface of a litmus lactose agar plate later spreading out with a glass rod eiuie 
successive parallel strokes or by revolving the plate while smearing tbe surface wi 
class rod Other cultures should be made by spreading on the surface in parallel 
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over several plates a little mucus diiectl) from the stool It is m the first 2 or 3 days 
of an attack of acute dysentery that ne obtain the best cultural results occasionally 
obtaimng a ver> large number of colomesofdyse teiy bacilli from proper maten Itaken 
attheonset The wnter has never obtainedaptirecuUure of BociWnr dysenler efrom 
the stool or lutestine even in the most acute cases Manson Bahr stated that he had 
ne er recovered true dysentery bacilli from a purely faecal stool Even faecal con 
tamination of the raucoid mass makes it d fficult to ceco ec the organism Dysentery 
bacilli rapidly die out if the stool is aad so that it has been recommended to make the 
stool alkaline (with an equal volume of N/33 NaOII solution) \ here it has to be sent 
to a laboratory f om a distance 

In making plate cultures 1 tmus bctose agar sometimes gives better results than 
the more r straining faeces plating media However Endo s fuchsm agar may be 
employed because it is usually at hand for typhoid or p ratyphoid etaminacions in 
many laboratories The dysentery bacillus collies on this med urn are like those of 
typhoid — g ayish white In England some observers prefer hfacConkey s neutral 
red b le salt agar whileoth rsuse tbeConradi DtigaUki med urn TheTeag emedium 
is also very satisfactory 

Other media especially lecommcnded are the Deso /chocolate Citrate Agar the 
Bacto B smuth Sulute Agar and the Bacto S S Agar The last is prep red by 
the Difco Lab ator es and 1 a selective med m de ised to provide diffcreniiat on 
of lactose fermenting (torn lactose non fermenting organisms and to give a mavimum 
I hibition of c 1 form organisms with a min mum r sinction of growth of the pathogenic 
gram negative intestinal bacilli f om specimens of the f eces However s nee it is 
selective medium a non seleaive one such sMacConhey s should be employed at the 
same t me m order to be sure that o gram negative latest I pathogenic organisms are 
restricted Sh ga st sins sometimes gr w ve y slowly on the S S agar and appear as 
mmuta p n point colonies Vi Is n and Blair (1941) ha e found a tellu te iron rosol c 
acid medium as especially selective for t’lexner st ains of B dyte I rioe 

On 1 tmus lacco e agar the dys nte y bacillus cob s are like those of typho d 
greyi h white or blu h grey d«w-dtop like in appeaiance and about t mm a diam 
eter The c lor of the agar about them d es not change s it does with the colon es 
of colon bacilli scatte ed about Ibe plates About some of the Hiss Bussell bacillus 
colo es there 1 sometimes a pale reddish viokt tint The Sonna b ciUus colon ei 
te at first bluish and later of a red tint 

On all these med a the colonies resemble m re or less those of typhoid and the 
di£erentutioa is ided by etatnioi g for m tility At the same t me one not infre 
quently finds lack of motility ui b edb from colon es just isol ted on Endo s medium 
wh ch later on i subcultu e show motility od ate found to belong to the typhoid or 
p ratypho d group For the accurate determinatioa f dysentery bacilli or for differ 
entiatmg the Flexner Sb a and S noe strains one should carry out agglutination 
tests with diffe ent immune se a For practical diagnos s a polyvalent immune serum 
may be employed that has been prepared with at least fou f the common mannite 
fermenting strains and a Shiga nonfcrmeoting o e If any organism isolated on the 
plate inoculated from the faec s agglutinal s with such a serum in dilutions of i 50 o 

00 the case may be rega ded asoneof baollary dyse tery 

The sol tion of dysentery bacill I om chronic c ses or f om convalescents asinti 
mated is more d Sc U as a ml and agglutioat on tests with the patients serum may be 
of more value n some case In chronic cases the expos e of the ulcer whe possibl 
as by the proctoscope 0 sgmoidoscope a dtbeplati g of scrap ngs from its base m y 
givetheb st chance f recovering the o ganism D ring the \\orId War theesamina 
tion of material obtained by rectal snafs was e tensively mployed and results were 
said to be more satisfacto y than those bta ed from culturing the stools Smyly 
(1937) tepoits that he has obtained culta s {rom swabs directly f om the uktts n a 
large proport on of such c ses Ziem sglastubef Sem I ngbyacm indiameter 
w th a late al open g 3 cm ab v the lower closed end) for obtaining maten I from 
the sigm d fieiuie h s also been recommended 

Agglutinatioii Test. — Manson Bahr (1939) who has had wide expen 
ence with this reaction points out that it is a matter of disappointment 
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of d>sentery differ In fact a provisionnl dtaipio js of bacillary dysentery can oftto 
be made by the micro copical etanunation of the stools or from material obtained 
from the rectum In the case of the stools t requisites are important the speauten 
must be freshly pissed and early in the course of the disease \fter se\eral houis, 
the matenal usually becomes \aluelrss for etamination Callender (1944) emphasirrs 
that in diagnosis the stool sboul I be cvamined (1) for the presence of erudite (1) f f 
the character of the exudate (3) for the presence of protoroan or other parasites and 
(4) bacleriologicallv for the causatne organism The doing of any one of this gn up 
without the other leads to a false picture of the condition present and has made ou 
stall tical data essentially worthless 

Laboratory Diagnosis.— Usually the chief point in diagnosis is to determine wiethet 
we ate dealing with amoebic or bacillary lofeclioa While these tjro Jtjcdj of dysenttty 
rarely may coexist it is logical for the clinician to consider a case in irhich there ite 
found amoebae with long rapidly extruded finger hie pseudopodia and contaimns 
red blood cells as one of amoebic dysentery 

A fresh specimen of the muco-pumleot stool of bacillary d> sentery shows in addition 
topuscells numerous large endothelial macrophages Someofthe emayshowrsacuch 
Uon and in some instances even red blood corpuscles and may resemble considerably 
amoebae Occasionally leucocytes may be observed la their cytoplasm as well ss 
granules and fat globules The macrophages may measure 10 to 451* t® diiweteriod 
may be round oval or btlobed Such cells never shoiv motility but under cooditiou 
of lowered temperature of the specimen or from prolonged standing and begmmng 
disintegration the amoebae too may fad to show motihty Warm stage preparstiow 
should be searched for amoebae 

Differeatiatmg Stain — If specunens are mounted in Cram s mdise solution theu 
large macrophages show a much larger nucleus than that which occurs m amoebae aod 
take the yeUan staining of iodine more intensely The most suitable procedure cow 
ever is to make a smear fix it lightly by heat and stain by Gram s method or wits 
Loefier s methylene blue or dilute cutbol fuebsio These large phagocytic eeUs staa 
easily and well and in the Gram specimen there sometimes may be observed Grao 
negative bacilli m the cytoplasm Ciemsas stain with methyl alcohol fixation or tC* 
usual right or Leishman technique answer equally well On the other hand it » 
rather diScult tu obtain sstisfaclonly stained amoebae in this way it usually KiM 
necessary to fix moist thin smears of the stool with some bichloride fixative as Schaua 
inn s fiuid and then carry out the staining with haematoxyhn . 

The presence of pus cells as well as codotbeliai cells in s stamed smear of loateris 
from a bacillary dysentery stool is of value in difierentiatmg from an amoebic stoo 
smear in which pus cells are rarely seen The amoebic dy'senteiysmeargives more the 
picture of granular debris More than 95 per cent of the cells of the smear froifl bacu 
lary dysentery are polymorphonuclears which show signs of degeneration as indiea e 
by swelling and a ting type of nucleus due to accumulation of chromatin at the 

( ghost cells ) However at other times the smear may show these cells unchang 

and not unhke those seen in a fresh pus smear The red cells more generally are no 
clumped while in an amoebic dysentery smear we often note small clumps of red ce 
CoUtnnar epithelium cells mononuclear leucocytes and lymphocytes may 
be observed m the specimens It should he emphasiaed that one should make 
raears and examinations and also prepare cultures at the onset of the 
these differentiatmg characteristics and the dysentery bacilli themselves may . 

later on in the disease and one should alwavs examine a stool as soon after it is pa 


** ^^tivatiott. — If the microscopKal examination suggests a bacillary infecUoo ^we 
«.Hould take a small portion of the stool contaimog mucus wash it in sterile wa e 
ttipn droo it m a tube of stenie bouillon or salt solutmn After emulsifying w 
3 boSjlon one may take up a or 3 loopfnU of the suspension and d^osit ^em on tie 
surface of a litmus lactose agar plate later spreading out with a glass rod 
5U«essive paraUel strokes or by revolving the plate while smeanng the 
glass rod Other cultures should be made by spreading on the surface m pa 



the rule for » para dysentery type baaHas to show greater specificity for its own serum 
and the Sh ga type greater specificity for a seiuni prepared with the more tone non 
acid strains Thomas Mackie and his associates (1938) m the diagnostic study of cases 
m N \ City have emphasized that prolosged serologic and cultural studies indicate 
the necessity for cautious mterpretation of the agghitinatioa reaction in cases of chronic 
inflammatory disease of the colon They have repeatedly found agglutinms for 5 
iysentenae present at titers commonly considered to establish the diagnosis unaccom 
panied by cultural evidence of homologotis infection Conversely no agglutmation 
reactio s have been observed m cases of proved infection Marled and unaccountable 
variations of agglutinin titer were the role m the course of repeated determinations It 
is a stnting fact that the majority of the sernms which gave a high titer were obtained 
from pati nts who consistently showed sterile culture for 5 dy nl rij These obser 
vations suggested that agglutinms for S dys Ht e may develop m response to non 
spcafic heterologous stimuli 

In alater paper MacVie also pointed ouHhat a closeasglulmogen c relationship may 
eiist between certa n slra n of £ c* ch a col and Si gella dytenUr ac Sonne and 
Flemer strains He has found that the agglutination react on unsupported by con 
firmatory bacter ological evide ce do s <jt constitute valid proof of infection by these 
organisms and that the diagnosis of bacillary dysentery can be substantiated nly by 
the demonstration of the organism tself 

In performing the agglutination test for diagn with the patients serum it is 
recommended that one employ at least 4 of (be common mannite f rmentmg stra ns and 
a Shiga non fermenting strain as results obtained with one may d ffer from that 
obtanedwithanothe Aggluti n bsorption tests are usually necessary to dete m ne 
the prease type Tbesuteraentof WillmoteandSavage andeeneured nrecentlyby 
other ob rve s that the d fierent at on of the different t>pes of dysentery bae lli is a 
refinement of technique for interested baetenologists seems t proper view because 
if a polyvalent serum is employed tor treatm t one only needs to know that the case 
IS one of bacillary dysentery Of cou se with a monovalent serum p epared only with 
the Shiga bacillus one would have to determine wbeiher the 0 ganism producing the 
dysentery was of that tra n Iloweve it must be borne n mind Ih t a ^biga immune 
serum will also sgglutinate nevner and Strong strains 

The identification of the infecting strain may be of some possible interest in prog 
nosis a Sh ga stra ns are frequently but not invar ably much mo e tome than the acid 
stra ns Koweve the chn c an should tealiae that as a matter of fact it frequently 
takes considerable time and laboratory skill to carry out reliable cultural and serological 
tests FioisaptacticalsUndpointfoTdsgaosiso ecanusta^elyvsle 1 mmunimum 
prepared for therapeutic use for mab g agglui atwo tests and if any organ sm recov 
ered on the plate culture mad f om the faeces agglutinates n r to ;o or to 100 th s 
may be cons de ed sd g osticofbaciUarydyseiiteiyrathe than of amoebic infection 

Often one does not see a case of dysentery aatdlate m the disease and then provided 
the condition is serious and the d agnosis poults to a bacillary infection if one dec d s 
to employ serum treatment it would be better to inject it at once ather than await 
laboratory confirmation 

Bactenophage — DurrelJ Feemsler {1934) UmLelstein (1935) Felsen 
(1936) and MiUes (1937) have emplojed bactenophage as an aid to diag 
nosis MiUis has emphasized its importance for a quick diagnosis by its 
actionondifferenttypesofdj-scntcrybacilb Feerasler in the study of an 
institutional outbreak exaimned bactenoIogjcaUy too cases in which the 
Hiss Y dvsentery bacillus from cultural tests appeared to have been the 
chief etiologic factor This orgamsm however was isolated from only 
5 6 per cent of the stools collected from the sick patients On the other 
hand bacteriophage of the Hiss \ djsenter> bacillus was found in 80 per 
cent oi the stools taken dunog the second week after the onset and in 
45 per cent of those collected dunng the third week The longest time 
after the onset that phage was demonstrated was 63 days ^one was 
found in the stools of the control group which had not been lU nor in 
specimens obtained 6 months after the attack from patients who had 
Feemster concluded that the detecUon of the bacteriophage 
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that serological diagnosis which is usually so satisfactory with the typhoid 
group IS such a comparatively unstable weapon in dysentery The 
w nicr in the study of the test espeaally in the Philippine Islands (1900- 
191a) also found the agglutination test frequently unsatisfactory for the 
diagnosis of bacillary dysentery It is generally accepted that the 
tnacroscope method in the test tube should be employed the tubes being 
incubated for 2 hours at 5s*C 

Although some observers have reported the appearance of agglutinins 
in the serum of cases of acute bacillary dysentery within 3 or 4 days from 
the onset of the disease yet it is unusual to obtain agglutination with the 
patient s serum before the loth day 

The agglutinins generally appear about the |(b and may reach their maxifflum 
about the aist day after which there may be a rapid decline InoChercases however 
Some residual agglutlnm may persist in the senim for a considerable (ime and it has 
been ebimed that they could be demonstrated after as long an Interval at years 
Dudgeon (igi8) in studying this reaction 10 Salonica during the \IoiId War lound 
the highest agglutinin titers during the second and third ueeki of the disease The 
limitations of the test are therefore obvious and in (he most acute cases where aa 
early diagnosis is important it is generally of no value With the Shiga strains an 
agglutinating power in t to $0 has been usually accepted as evidence of specibcily but 
for Flezner strains a higher titer is regarded as netesury for diagnosis and a dilution 
of I to 150 should be required for the test 

Ritchie tested the sera of foi normal persons and found that yo per cent of these 
individuals agglutinated Shiga ^eilli m 1 to ys while with Fleaner strains 41 percent 
agglutinated 10 i to 64 and yo per cent in i to irS Tor comparison fitchie s rtsulti 
with typhoid showed (hat only <$ per cent agglutinated such bacilli m t to 16 There 
u some evidence that typhoid vaccinatwo increases the agglutinating power of the 
serum against dysentery organisms The usual advice is to consider an agglutination 
of i to 40 as fairly specific for Shiga mfcctioos and i to loo for paradysentery ones 
Gardner (igsy) also showed (hat some oorinal sera will agglutinate the organisms of the 
Flevncr group so that normal serum should always also be tested with the dysentery 
organism as a control 

Bcownc Cigyfl in New Orleans during a study of agglutination reactions found 
frequently (hat the blood of normal iadivirfuals agglutinates stock cultures of BmUm 
dysenUnae such as (he metadysrntenae bacilli of Castellani and the Duval lactose 
fermenter In certain instances the normal blood titer ran as high as 1 300 
therefore believes that the positive agglutination of the stock culture of Bactllus dystn 
feriae of dilutions of r rdoisnot mall instances sufilcient evidence to warrant a 
of bacillary dysentery Ife was able to isolate one or more of the dysentery organisms 
in 8 per cent of normal individuals the most frequent one being the lactose fermenter 
of Duval 

Speares and Veloao {rgig) found that fke semlogxs! disgaosis was not always 
possible in mild infections and that the Injection of Immune dysentery serum bad no 

appreciable effect on the agglutination liter of (he patient s serum 

WiUmore and Savage tried heating serum to $6 C for yo minutes but found that 
such a procedure was 0/ no praclical value with dysentery thus differing from Malta 
fever set am where such a procedure is of value in destroying coagglutmins and thus 
increasing the specific action The work of Ohoo would indicate that we should trust 
to the acid producing effect on mannile for differentiating rjexner and Shiga strains 
rather than on agglutination because it was found that agglutinins for an acid strain 
were not always more specif c for such strains than for non acid ones However more 
recent work has shown that also the sugar reactioos may be inconstant with the straU) 
and may change after prolonged cultivation Nevertheless group agglutination among 
the different serological races is a conspicuous phenomena \l the same time it is 
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ihe rule for % pin-dyseat'ry type fa«<3StK t« eboir cte»*«»’ ep cificity for own serum 
iod the Shiga type greiWr *p« iSotjr tor » tetum prepared with the » re lone non 
acid strain* Thacaas Maceie and his assooatn (i^yS) m the diagnostic study of cases 

to h> Y City have emphasteed that p (doDged aerofonc and cultural studies indicate 

the oecessity for cautious wierpretalion »d the agglotination reaction in esses of thiooic 
loflammatory disease of the colon They ha*« repeatedly found agglutinins for S 
dvs€n er it present at titers commonly considered to establish the diagno s unaccom 
paoied by culti. al evide'ce of hom log ns mf ctioo Conversely no agglutination 
reaction have been observed in rases of proved wifeclion Marked and unaccountable 
varatioss o! agg'ut m titer were the rvlem the coarse of repeated determinations It 
IS a stnh ng fact that the irajority of the serums whKh gave a high titer were obtained 
! ora patients who consistently showed sterile culture for S rfyjrn/mae The e ob'er 
vatjins suggested that ayg'uiimna for S iytt Ittnu may develop in response to non 
peci&c heterologous a mull 

In a later paper hlackie al o g uiled out that acloseagglutinogenic relationship mav 
eaist between c rls n sirs ns (d Fstkt ciio caf and 5Ai;r(fa dysr (mac Sonne and 
Flcxner st sins He has found that the aggluiinaiion reaction un upported by con 
brmatory bacteriological evidence does not constitute slid pro ( of infection by tbe e 
organism and that tbe diagnosis of baciUary dysentery can be sub tent ated only by 
tbe detn nstcation of tbe organism itseli 

In ptrformiog the agglutination test for diagnosis w th the patients sc iro it s 
(teommended that one employ at! ast 4 of the eommontnannitefetmentirg strains and 
a Shiga non fement ng strain as results obumed with one mav diSet {rant that 
obtained with anothet Agglutinm absorption tests ate ussally necessary t determ ne 
Uie precise type ThestalementofW iltnote and Savage aod concutted m recently b} 
other observets that the difierentiatien of tbe different types of dysentery bacilli is a 
tefineinenl of tethnique for interested bacteriolog sts seems a proper view because 
il a polyvalent setum is employed for treatment one only needs to know that the case 
IS one of bacillary disentery Of course with a mono aient serum prepared only with 
the Shiga baciU is on* would have to determ ne whether the oryaniim prodneing the 
dysentery was of that strain llowevet it tnusibebontein mind that a Ahiga immune 
serum * id also agglul oate FI anet and Strong strains 

The identifit t on of tbe mfctl ng strain may be of sr me possible interest in prog 
nosis at Sh ga stra ei are froiuenily bat not ir vartaMy much more toa c than the acid 
strains However the cl meun should real ce that as a natter of fact it frequently 
takes coniiderable time aid laboratory skill to carry out rel able cultural ard serolog cal 
testa From a practical staidpon fordiagnosisonecao uaea ^efyw enfimmun aeeam 
prepared for therapeut c use f t making agglatination tetii and if an> organism recov 
red on the pUtt culture made from the faeces agglut sales in 1 to jo I'r i to >00 this 
may becoosidtrtdasdisgoo ucof bat Uary d} rniety rather than of amoebic infect on 

Oden one does not see a case of dysentery until late in the d ease and then provided 
the c ndition is s nous and the d sgttos s points to a batillary infecbon it one decides 
to employ setum treatment it would be t eUee to inject t at once rather than awa t 
labiiatory conhnDation 

Bactenophage —Durrell Fremster (J9J4) Wnkehfem (1935) Fe'sen 
11036) and Mdles U937) Fave emplovcd baclenophage as an aid to diag 
nosis Miilis has l■mphasl2ed iis importance for a quick diagnosis by its 
action on diflerent tj pcs of dysentery bacilU Feemster in the study of an 
institutional outbreak exami-ed bactenologically roo esses tn which the 
Htss \ dvsentery bacillus from cultural Irats appeared lo have been the 
chief etiobgic factor This OTgaoism however was isolated from onh 
S 6 per cent ot the tools collected fnan the Mck patients On the other 
hand bactenorhage of the Hiss \ djseolerv bacillus was found in 80 per 
cent of the stool taken during the second neck after the onset and in 
45 per cent of those collected dunng the thud week The longest Ijme 
alter tbe onset that phage was demonstrated was 63 days None was 
found in the stools of the controi group which had not been ill nor in 
specimens obtained 6 looDths after Uie atuHi from patients who 
recovered Feemster conduded that the detection of the bacteriophage 
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action against the bacillus causing outbreaks of dysentery seems to be a 
supplemental and valuable procedure for determining their etiology 

SVinkelstein (1937) and Felsen have also obtained a diagnostic baetenophage 
from certain cases of chronic ulcerative colitn Winkelstein and Herschberger found 
a phage present m 36 per cent of 41 cases of ulcerative colitis and absent m 45 nuscel 
laneous controls They thought that its presence gave indirect but suggestive evidence 
that the patients have had or are suOenng from bacillary dysentery Mackie (1936) 
studied the diagnostic significance of antidysentery bacteriophage in 170 individuals 
with chronic ulcerative colitis Antidysentery bacteriophage was found m rg i pet 
cent or 53 cases presenting acceptable evidence of chronic infection by Bacillus dysen 
teriae However an antidysentery baetenophage was found in u 8 per cent or 86 
miscellaneous cases which presented no evidence of infectwa with B dvsenlertai He 
concluded that « chronic intestinai infection the term diagnostic bacteriophage was 
not justified Gupta (1930) moreover believes (hat a phage active against B dyien 
leriae frequently can he isolated ftoni individuals not suffering from dysentery There 
seems to be no further progress in the practical use of baetenophage for diagnosis 
Intradennal reaebnns m bacillao dysentery have been studied by Brokman (1913) 
and Soeller (1917) the reaction being applied as in (he Shick test 0 i to 0 2 cc of a 
I 100 dilution of dysentery tozm being injected 

Brokman observed reaction beginning after 14 hours while ZoelJer reported that 
the specific reaction did not appear until (be third or fourth day when an eeehymotic 
tinge became pronounced and led to the formation of s small black slough A negative 
reaction was said to indicate the presence of sufficient antitoxin to neutralize tbe 
toxin These tests have not been demonstrated to be of value m the study of 
bacillary dysentery 

Diagnosis with tbe Sigmoidoscope — Biggum (1930} Paulson (1930) Mansoa 
Bahr (1936} and Smyly ((937) have particularly studied tbe sigmoidoscopic diagnosis 
Manson Bahr points out that it is not often necessary to use it in raalung a diagaous 
of bacillary dysentery in the early and acute stages and that it is doubtful whether its 
use IS always justifiable on account of tbe pam of introducing tbe instrument in tbe 
acute cases and since the damage that results may be considerable Also it cannot be 
used without employing a general anaestbetic In tbe later stxges of the disease a 
cathartic of H 02 castor oil should be given tbe night before and the following morning 
before the instrument is introduced the bowel u cleared out with a warm water enema 
Ten to 16 m of tincture of opium is generally given half an hour before the examination 
In many of the chronic cases no suitable ulcerations can be discovered in the rectum 
or those parts of the colon which can be seen by the instniment The examination 
in many cases shows that tbe mucosa is profusely red and either finely or coarsely 
granular When coagulation necrosis has developed it may have a grejosh green 

necrotic appearance with haeaiorrhagicareas Actual ulceration may be often observed 

the comnwaest type being a very shallow ulcer the margin of which « sharply defined 
and ranging in size from i miUimefer or less to over a centimeter The base is usually 
covered with pus which is easily swabbed away leaving a surface of red granular 
tissue Microscopical preparations and cultures may be made directly from such ulcesr 
In the chronic cases a rough granular mucosa 13 often seen 

X-ray Diagnosis — In the acute stage of bacillary dysentery banum 
enemata and N. lay diagnosis are of pia.ct\ta^y no va,l\io In the chronic 
disease the appearance is sometimes suggestive of a sub acute or chronic 
ulcerative cobtis m that certain filling defects may be seen m the colon 
However generally little of value js obtained from the X ray examination 

PxOGNOSIS 

The mortality varies greatly m different epidemics Tbe prognosis 
may depend upon the seventy of the epidemic the age and general con 
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dition of the patient and the presence or absence of complications 
Prognosis is bad vihen the intestinal symptoms are very severe and per 
sistent and collapse has resulted Cases showing greenish sloughs of 
mucosa are most serious Persistent hiccough and vomiting are most 
unfavorable signs Any compbeattng disease — malaria nephritis or 
pulmonary infection — renders the outlook less favorable The prognosis 
IS also unfavorable in severe cases in white children in the tropics In 
some of the epidemics in Japan the mortality has been high reaching 50 
per cent but averaging about 25 per cent During inter epidemic jears 
it has been considerably lower In one epidemic in debilitated natives 
of the Solomon Islands the mortality was given as 47 per cent In well 
nourished and otherwise healthy individuals the mortality is lower 
Thus during the World War in British forces m hlacedonia Egypt and 
Mesopotamia it did not exceed 2 7 per cent In many of these cases the 
reported s^ mptoms v, ere mild the diarrhoea lasting not more than 8 da) s 
Manson Bahr (tQ^d) states that of the many thousands of cases in the 
British troops it is doubtful it the case mortality at any period rose above 
S per cent which is evidence of an epidemic of not great virulence In 
the German Army dunng the World War jo per cent of the deaths were 
from dysentery In a senes of $25 cases in Germany during 1916-20 
reported by Troemsdorff (1923) 41$ recovered or 79 04 per cent 22 were 
improved 4 19 per cent and 86 died 16 38 per cent The death rate was 
higher in elderly patients and in those debilitated as a result of war 
privations In the epidemic in MecUenberg m 1938 the mortabty rate 
was 22 per cent In a series of 200 private cases quoted by Manson Bahr 
where the subsequent course could be traced over a penod of 6 )ears 3 
or X 43 per cent became chronic 

Treatuent 

In the treatment of bacillary dyentery absolute rest in bed is important 
to keep up the strength of the patient and also to protect the heart which 
tends to be more or less damaged by Uie toxic action of the dysentery 
bacillus Some prefer to prop op the patient in bed considering a stnet 
dorsal decubitus as undesirable Such a position may lessen the amount 
of air swallow ed in frequent administration of nourishment It is import 
ant to use sufBcient cov enng on the patient to av oid chilling A hght wool 
blanket spread over the abdomen is often all that is needed m the tropics 

The patient should not be allowed to get out of bed to defecate and in 
sev ere cases should not be allowed to exhaust his strength by straimng on 
a bed pan A waterproof sheet should be used which can be changed and 
cleansed frequently and the buttocks ma> be packed with catbolized 
cotton wool or tow which should be changed frequently and burned In 
very severe cases there may be incontinence of both urine and faeces 
Nurses and other attendants should wear rubber gloves for protection 

Diet — Solid food is not permissible In the acute dysentery stages 
the diet should consist of albumin water or barley water sweetened with 
lactose This is to be preferred to milk which is usually not well borne 



574 


TREATMENT 


b> man> patients Kendall has especially noted the value of lactose 
m lessening the toxicity of vanous organisms Tea sweetened with 
lactose IS usually well borne The hqmd diet should be warm and given 
onl> in small quantities and frequently as it may cause increased penstal 
SIS and increase the number of evacuations AVhen the most acute 
symptoms have subsided, meat juice expressed from a piece of hghdy 
broiled steak is of value Various jelhes or sago pudding may also be 
given Most authonties agree that milk is badly borne and that after it 
solid curds of casein are often passed m the stools However, atrated 
milk IS often well tolerated Komer (1935) recommends ice cream in 
place of milk Vitamins such as ascorbic acid or thiamin hjdrochlonde 
ma> be adrmnistered during convalescence if there is evidence of such 
vitamin deficiency 

When mucus and blood have disappeared entirely, the diet may be 
gradually increased by adding hghtiy poached eggs custards, mill 
pudding toast and butter Especially during the convalescence care 
must be exercised and the return to normal diet, with fish, chicken and 
vegetables, should he very gradual 

Medici Treatment — Most authorities recommend a preliimnary 
dose of H 02 (25 ) of castor oil to which may be added 15 mimms 

(r cc ) of tincture opu This is given in order to clear the large intestine 
of any remaining faecal contents In milder cases when seen early some 
have advised about a gr of calomel m divided doses of gr every half 
hour then followed up with sabne treatment Others recommend treat 
ment with castor oil or rhubarb which is given in dram doses hourly for 
8 doses until the third or fourth day of illness with the idea of keeping up a 
constant peristaltic action Subsequently salines are given 

Saline treatment has been widely recommended by many authonties 
Sodium sulphate in saturated solution may be given i to a drams (4-8 cc ) 
every i or 2 hours when the patient is awake for the first 24 hoursacd 
afterward every 4 hours until the stools become faeculent Somephysi 
cians are opposed to purgative treatment especially on the ground that 
it increases peristalsis and hence favors the extension of the intestinal 
lesions and the action of all bacteria which may be present in the intestines 

Talbot (1937I in the treatment of infants says that at the outset the bowel shou d 
be cleared with castor oil or t gram of calomel m divided doses given if there is any 
distention or evidence of retention of toxic faecat material If on the other hand the 
abdomen is fiat or sunken and there is no evidence of faecal retention cathartics should 
not be given 

Korner (1935) believes that an initial purge is not advisable for 
patients who have had severe diarrhoea before being seen by the phy sician 
and in severe cases of incontinence of faeces its use is questionable Smyl> 
(1937) cautions that in children or adults suffering from dehydration 
sulphates must be given cautiously abundant fluid by mouth is advised 
arid also when necessary by mtravenous or subcutaneous injection In 
pregnant women there is danger of abortion in bacillary dysentery and 
the use of aperient sulphates must be carefully watched 
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MiBsoa B»hr (>939) b»s /ouod th&tsMnecMesof tbe disesse do oo{ toUratc wUoe 
ipcMBU tre!J jjtd at ti«e faJewri fnu vitrf hM/f ior u boujs oa } conse4.uti\« 
dayi zaay be used Olliers Uelth \tssc»tciiba» aed Boase beLe/e that <aitor oil 
treatment is m re effi^ent than tbe u» of »»lires a os was pitn on tbs first day »od 
j dram bourly daring tte day time on the seatnd and third day They consider the 
small doses \ieep up gentle and eontmuons penlalt c action and that tbs contents of 
the intestine IS tbas passed on and that the tovic action » thereby reduced 

Moiphm« — Esp«aaHj m sctere futminating cases it is frequenily 
Rccessatj both for the relief of pain and to forestall collapse to attempt 
to limit the peristalsis and gi\e test to the nfiamed colon by hypodermic 
injections of g lo ot6 grm ) of morphine sulphate every 3 or 4 hours 
lindoibteJly many acute cases hat e been saved by its use Some obser 
V ers hav e suggested for theoretical reasons that it may be liable to ircrease 
totaenua However the danger of death from collapse due to physical 
exhaustion from excessiv c straining and the nerv ous shock from increased 
peristalsis and constant bowel movements in many cases is m-ch greater 
than thr* danger of the exacerbation of tone svmptoms Theoretically 
also 1/ the amount 0/ tonne » sloe 1/ absorbed ret-c^ery iKim the disease 
may be favorably mSuenced bv the production of antitoxin m the bjdy 

Sulfaailyl guaaadme — This new synthetic prefaratioD is especially 
recommended for treatment of bacillary dysentery on account of the 
destructive action it everts upon the dysentery bacilli in the mtestmsl 
tract Particularly from experimental observations on animals Marshall 
beheve» that with a dosage that can be safelv employed to man a low 
concentration of the drug m the btosd mav be obtained He and his 
associates (1941) have repotted upon 17 cases of acute baciUarv dysentery 
m children treated at the Johns Hopkins Hospiul with su'fandyi guani 
dine In to of this group of 17 children the stool cultares became nega 
tivc for dysentery ori,anisms dunng treatment and remained negative 
during hospiubzation In 5 other cases ih** stools became negative on 
the last day of therapy or in two days after its discontinuance Marshall 
recommends the further trial of this drug m acute bacillary dysentery in 
children \n initial dose per os of o 10 gram per kilogram is given and a 
maintenance dose o 05 gram per kilogram ever^ 4 hours until the number 
of stools per day is 4 or less then o lo grams per kilogram even 8 hours 
for at least 3 days The finely powdered drug is adinnistered m milk or 
la water suspension It is imperative that the drug should not be con 
tinued longer than 14 days as it seems doubtful if longer treatment will 
be beneficia’ Furthermore he points out that this Lmitalion of treat 
menl tnimmires the possibibty of agranulocytosis which with other 
sulfanilamide drugs does not occur before the 14th day 

The dose schedule in adults recommended is the same as for children 
except that when the drug is given every 8 hours o 05 gram per ki'ogram 
is given instead of o 10 gram per Ijlagam 

biO de'initc toxic effects were observed in the senes of 3j children 
given the drug although occasionally vomiting was present for a short 
period after chetroiherapy As soon as the genera! condition improved 
the vomiting ceased idthou^ the dtu^ was continued None of the 
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by many paUents Kendall has especially noted the \al«e of lactose 
in lessening the tojucit> of aanous organisms Tea sweetened mtb 
lactose IS usually well borne The liquid diet should be warm and given 
onlj in small quantities and frequentl>, as it may cause increased persta! 
sis and increase the number of evacuations \^Tien the most acute 
sjmptoms have subsided, meat juice etprcssed from a piece of bgatlv 
broiled steak is of value \anoua jelhes or sago pudding may also be 
given Most authorities agree that nulk is badly borne and that after it 
solid curds of casein are often passed m the stools However citrated 
milk is often well tolerated Komer (1935) recommends ice cream in 
place of milk Vitamins such as ascorbic acid or thiamin hjdrochlondc 
ma> be administered during convalescence if there is evidence of seeb 
vitamin dcficjcncj 

Wica mucus and blood have disappeared cntircl> the diet maj be 
graduall> increased by adding bghtl> poached eggs custards mlU 
pudding, toast and butter Especiallj during the convalescence care 
must be exercised and the return to normal diet, with fish, chicken and 
vegetables should be very gradual 

Medical Treatment —Most authonties recommend a prelimin-t) 
do e of 02 (15 ec ) of castor oil to which may be added 15 miniias 
(i cc ) of tincture opii This is given in order to clear the large intestine 
of any remaining faecal contents In mldcr cases when seen early some 
have advised about 2 gr of calomel m divided doses of gr every hall 
hour, then followed up with saline treatment Others recommend treat 
ment with castor oil or rhubarb which is given m dram doses hourly for 
8 doses until the third or fourth dav of illness with the idea of keeping up a 
constant peristaltic action Subsequently salines are given 

Sabne treatment has been widely recommended by many authorities 
Sodium sulphate in saturated solution may be given, i to 2 drams (4-8 cc ) 
every i or * hours when the patient is awake for the first •’4 hoursand 
afterward every 4 hours until the stools become faeculent Somephvsi 
Clans are opposed to purgative treatment especially on the ground that 
It increases peristalsis and hence favors the extension of the intestinal 
lesions and the action of aU bacteria w hich may be present in the intestines 

Talbot (lOj?) 10 tbe treatment of infants sa/s that at the outset the bowe! shou d 
be cleared wjli castor ojJ or r gfM>o of cafomrl in divided doses ^iven if there is any 
distention or evidence of retention of totw. faecal material Jf on the other hand to 
abdomen is flat or sunken and there is no evidence of fieiat retention catnarties shoUa 
not be given 

Korner (1935! believes that an initial purge is not advisable for 
patients who have had sev ere diarrhoea before being seen bv the pby sician 
and in sev ere cases of incontinence of faeces its use is questionable brayly 
(103?) cautions that m chiWrea or adults suffering from dehydration 
sulphates roust be given cautiously abundant fluid by mouth is advised 
and also when necessary by intravenous or subcutaneous injection In 
pregnant women there is danger of abortion in bacillary dysentery and 
the use of aperient sulphates must be carefully watched 
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choice The initial dose is 3 5 graaw (s*>< grains) foUowed bj 3 s 
iS^hi grains) every 4 hours day and ni^t v»l*l the ««Bi6rr of stools per 
day IS reduced io fixe er less Then shift to a maintenance dose of 3 5 grains 
(S*M grains) every S hours day and night and continue until the stools 
have been normal for q 6 hours Chrome baesUary dysentery Administer 
5 S grama (52^^ grams) of suUaguantdiDe evetj S hours day and night 
The duration of treatment should not exceed two w eeks 

Sulfadta tne — ?«ow however (1944) based especially upon the studies 
of Hardy m the treatment of nuW cases of baallan dj sentery occurnng in 
^vew \ otk State institutions sulfadta tne is regarded as the drug of choice 
for initial treatment The dosage is i gram four times daily Two days 
after clinical recovery sulfonamide therapy should be stopped If after 
two additional davs there has been no recurrence the patient may be 
discharged The fluid intake should be 3000 cc and sulTicient fluids 
must be administered to insure a daily urinary output of at least i 500 cc 
Ravdtn and biorfleet (:043) and Nagel (1943) and Coghill (1943) are 
among those who have emphasized the danger of the use of sulfadiazine 
in the tropics where large amounts of fluids are lost through the sVin 
Gross and microscopic crystals have repeatedly been found in patients 
Hith urinary outputs of from 1 000 to 1 zoo cc Renal complications 
mav aUo occur in temperate climates 

lapping (1943) has found sulphapyndinc very satisfactory tn the 
treatment of jO cases in India Treatment was commenced with 2 gm 
and was continued with I gm 3 hourly until genera) symptoms subsided 
The drug relieved pain within jz to 18 hours The stools became normal 
withut 3 to 7 days The earlier m the disease the druf was given the 
quicker the response there was There was oniw one death in a marasmic 
child 2 vears of age suffering 8 l»o from Malaria 

lyorfman and hts associates I1940) found there » an inhibition ol 
respiration of dysentery bacilli by suffapyndine Their results indicate 
that the action of suifapytidine on micro organisms may be related to the 
role of nicotinamide in their metabolism 

Collapse — In severe cases the pulse and blood pressure must be 
watched and should there be evidence of approaching coUapse as indicated 
by a sudden fall in the pressure or from the character of the pulse attention 
must be given to keeping the patient warm Brandymaybe given by the 
mouth and intravenous inj ctions of saline solution employed Favor 
able results have been reported from 5 pet cent glucose in 500 cc normal 
saline solution allowed to run in slowly the injection to take not less than 
a half hour Others have preferred injections of normal saline soJution m 
larger amounts from 1000 to zooo tc bang injected In cases with 
marked dehydration good results have been reported from the use of 
Rogers hy’peitonic choleta scAutioa (see under cbolera) AU solutions for 
intravenous injection must be very carefully sterilized and introduced 
slowly at the rate of not more than 4 ox (11$ cc ) a minute at a temper 
ature of 104 F (40 C ) 
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children developed rashes or had drug fever No haematuna was seen 
except in one case where it was \erj transitor> 

Marshall belie\ es that saturation of the intestinal contents with the 
drug can be obtained with the dosage which gives a low concentration in 
the blood thus confirming deductions made from experimental obser 
vations on animals 

Lj on (1941) has treated with this drug 20 cases of severe acute bacillary 
dysentery m West Virginia and 20 cases of a similar severity and chmcal 
picture were observ ed as untreated controls Alternate cases were treated 
In the treated cases 5 seemed to follow the general course of the untreated 
cases One case showed a good therapeutic response and 14 showed 
excellent therapeutic response Many recoveries were most dramatic in 
character The cases generally showed a rather rapid fall m temperature 
and leucocyte count within 48-72 hours and a closely paralleling general 
clinical improvement and a marked reduction m the number of the 
diarrboeal stools and improvement m their character in the first 48-72 
hours after institution of the chemotherapy 

A large supply of this drug has been very recently sent from the United 
States to Cairo for the use of the British armies m the Near East and Africa 
Colonel Hamilton Fairley and Colonel J S K Boyd (194*) liave 
reported upon the treatment of 371 cases in the British and Australias 
troops in the Near East They found that cases of bacillary dysentery 
due to Shiga Fletner Schmitn Sonne strains treated with sulfaguanidine 
have been restored to health and rapid healmg of the various types of 
colonic lesions has been observed by Uie sigmoidoscope The only cases 
m which death occurred had either received treatment too late or had 
suffered from some compltcauon such as pneumonia or peritonitis and 
toxic nephritis established before treatment was started Many other 
reports have been published indicating favorable results in the treatment 
of the disease with sulfaguanidme m the United States North Africa and 
the Southwest Pacific 

Page (1942) has recently treated 5 o cases within a 5 week period m 
Northwest Africa From the clinical symptoms many of the cases were 
reported as severe but there were no deaths or serious complications 
Sulfaguanidme blood lev els as high as 4 8 mg per cent w ere observ ed and 
the urinary secretion m 4 specimens reached as high as S gms 

Poth and Knotts have suggested that Succinyl Sulfathiazole may be a 
superior drug to sulfaguanidme for the treatment of dysentery However, 
this drug has not yet been sulfiaently tned to demonstrate whether or 
not It IS as efficacious or supenor to sulfaguanidme 

Kirby and Rantz (1942) found that sucanylsulfathiazole produced 
desired alteration and bacterial flora of the stools The effectiveness of 
the drug is probably due entirely to hydrolysis m the gaslro intestinal 
tract with the liberation of free sulfathiazole Dysentery bacilli dis 
appeared from the stools of 5 earners during its administration 

In the United States Armv sulfaguanidme has been the drug of 
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choice The inmal dose is 3 5 grams (5J W grams) followed bj 3 5 grams 
grains) eserj 4 hours <ia> and mght until the numbtr of shots per 
day fs reduced hji eorless Tbenshjlttoamaintenancedoseof 3 sgrams 
(52^^ grams) e\erj 8 hours daj and night and continue until the stools 
have b«n normal for 96 hours ChrmtchacdlaTy dysentery Administer 
3 s grams {32*^'' grams) of suUaguanidme cver> 8 hours da) and night 
The duration of treatment should not esceed two weeks 

Sulfudta tne — Now however (1944) based espeaalij upon the studies 
of Hard) in the treatment of mild cases of bacillar) dvsenter) occunmg m 
New \ork State institutions sudfadia tne is regarded as the drug of choice 
for initial treatment The dosage is 1 gram four tiroes dad) Twoda)s 
after clinical recover) sulfonamide iherap) should be stopped If after 
two additional dajs there has been no recurrence the patient ma> be 
discharged The fluid intake should be 3000 cc and sufficient fluids 
must be administered to insure a dad) urinarv output of at least i 500 cc 
Ravdm and Norfleet {1943) and Nagel (<943! and Coghdl (1943) are 
among those who have emphasized the danger of the use of sulfadiazine 
m the tropics where large amounts of fluids are lost through the skin 
Gross and microscopic cr)stals have repeatedly been found in patients 
with urinar) outputs of from tooo to t 200 cc Renal compilations 
ma> also occur in temperate climates 

Lapping (1942) has found sulpbap)Tid)ne ver) satisfaclor) in the 
treatment of 16 cases in India Treatment was commenced with 2 gis 
and was continued with 1 gm 3 bourl) until generaUv mptoma subsided 
The drug relieved pain withm u to 18 bouts The stools became normal 
trithin 3 to 7 da)s The eirtitf m the disease the drug teas given the 
t^uicker the response (here was There wasonl) one death m a marasmic 
child 2 ) ears of age suffering also from Malana 

Doilmin and his assocutes (1940) found there is an inhibition of 
respiration of d)'senter) baciUi b) sulfapyridint Their results indicate 
that the action of sulfapyndiae on nucro-orgaiusms ma) be related to the 
rok of nicotinamide in their metabolism 

Collapse — In severe cases the pulse and blood pressure roust be 
watched and should there be evidence of approaching collapse as indicated 
by a sudden faU. in the pressute or from the character of the pulse attention 
must be given to keeping the patient warm Brandy may be given by the 
mouth and intravenous injections of saline solution employed Favor 
able results have been reported from 5 pet cent glucose in 500 cc normal 
saline solution allowed to run in slowly the injection to take not less than 
a half hour Othe» have preferred injections of normal saline solution in 
larger amounts frocn tooo to 2000 oc being injected In cases with 
matted dehydration good results have been repotted from the use ot 
Rogers fajpertanic cholera solution (see under cholera) AU solutions for 
intravenous injection must be vcqr carefuU) sterilized and introduced 
slowly at the rate of not mote than 4 o* (115 cc ) a minute at a temper 
ature of 104 F (40 C ) 
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children developed rashes or had drug fever No haematuna was seen, 
except m one case where it was very transitory 

Marshall beliexes that saturation of the intestinal contents with the 
drug can be obtained with the dosage which gives a low concentration in 
the blood thus confirming deductions made from experunental obser 
vations on animals 

Lyon (1941) has treated with this drug 20 cases of severe acute bacillarj 
dysentery in West Virginia and 20 cases of a similar severity and clinical 
picture were observed as untreated controls Alternate cases were treated 
In the treated cases 5 seemed to follow the general course of the untreated 
cases One case showed a good therapeutic response and 14 showed 
excellent therapeutic response Many recoveries were most dramatic m 
character The cases generally showed a rather rapid fall m temperature 
and leucocyte count within 4&-72 hours and a closely paralleling general 
clinical improvement and a marked reduction in the number of the 
diarrhoeal stools and improvement in their character in the first 48-71 
hours after institution of the chemotherapy 

A large supply of this drug has been very recently sent from the United 
States to Cairo for the use of the British armies in theNearEast and Africa 
Colonel Hamilton Fairley and Colonel J S L. Boyd (194*) 
reported upon the treatment of 371 cases in the British and Australian 
troops in the Near East They found that cases of bacillary dysentery 
due to Shiga Fiexner Schmita Sonne, strains treated with sulfaguanidire 
have been restored to health, and rapid healing of the various types of 
colonic lesions has been observed by the sigmoidoscope The only cases 
m which death occurred had either received treatment too late or had 
suffered from some complication such as pneumonia or peritonitis and 
toxic nephritis established before treatment was started Many other 
reports have been published indicating favorable results in the treatment 
of the disease with sulfaguanidine in the United States North Africa and 
the Southwest Pacific 

Page (1942) has recently treated 5 o cases within a 5 week period m 
Northwest Africa From the clinical symptoms many of the cases were 
reported as severe but there were no deaths or serious complications 
Sulfaguanidine blood lev els as high as 4 8 mg per cent w ere observ ed and 
the urinary secretion in 4 specimens reached as high as 2 5 gras 

Poth and Lnotts have suggested that Succinyl Sulfathiazole may be a 
superior drug to sulfaguanidine for the treatment of dysentery However 
this drug has not yet been suf&aently tried to demonstrate whether or 
not it IS as efficacious or superior to sulfagusnidine 

Kirby and Rantz (1942) found that succmylsulfathiazole produced 
desired alteration and bacteria! flora of the stools The effectiveness of 
the drug is probably due entirely to hydrolysis m the gastro intestinal 
tract with the liberation of free sulfathiazole Dysentery bacilli dis 
appeared from the stools of 5 earners during its administration 

In the United States Army sulfaguamdme has been the drug of 
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tions and they are iiable to cause arg>n» For this reason if an enema 
js retained a subsequent injection of J toj ptnis of hypertonic salt solution 
should be gixen to precipitate IhesiKer 

Sm>l> (1930^ has reported good lesoUs with Dakin s weaker hjper 
chionle solution He begins with >$ per cent Dakm 9 solution injecting 
300 to s£« cc per rectum thrice dailj The concentration is inaeased 
according to the patient s tolerance up to the full strength of DaLm s 
solution 

Manson Bahr (i<i3g) has found eusot the most efficient preparation 
but unless it is given b.ighl> diluted it is apt to be too irritating and cannot 
be tolerated b\ the patient He begins treatment b3 th** injection of 
half a pint (280 cc ) in a dilution of one part Budge s eusol to 9 parts of 
water the enema being retained as long as possible The strength of 
the oljtion IS graduallj increased until eq[ua) quantities of eusol and 
water are used The treatment is frequently painful 

Tannic acid has been used especially on account of Us astringent effcvt 
in cases whete blood persists Forty to 60 gr to a pint of hot uater 
hate been emp'oved In all instances rectal injections should be pre 
ceded by a cleansing enema and it is essential for the best success chat 
the solution should reach as high xn the colon as the disease process exist 

Vaccjoes— The value of tacemes in iteairoeni; i doubtful Smyly 
reports that autogenous vaccines are sometimes elTeciue in chronic cases 
Fletcher however m the treatment by means of autogenous vaccines of 
earners who still had lesions m the intestine was unable to rid the mtes 
tmal tract of the dysentery organisms and found such treatment to be of 
httie value 

Boeunephaie has been recommended for treatment by several 
observers However inanuinbetof instances where the results have been 
compared with controls not so treated no value has been observed 
IRiding <1930) Taylor and bis associates (1930) and Kessel and Rose 
{1933}) Kessd observed 68 cases 35 who received ba'-tenophage by 
mouth in addition to symptomatic treatment and 33 who did not receive 
bacteriophage Deaths and length of time in hospital were approximately 
the same »n both groups Gantenberg in an epidemic of bacillary dj sen 
tety >j.livch fuUowed the Geicuin invasion of Poland in Seplembet 1939 
reported that the tnals v >th bactenopfiage (Polyphagia Behnng) w ere 
on the vbole mconUusive and unsatisfactory Compton (1940) has 
recommended it m Cairo whete its use is said to have become popular 
Maj Gen H Marrian Perry (1940) has stated that bacteriophage is 
neither advocated nor employed by the mditarj forces m Egypf Po>d 
and Portnoy (1944) have revtcned the subject and conducted important 
experiments in the field among German p isoners of war in the Middle 
Last In the prisoner of var camps selected for trial two separate 
restricted ^.oniparable communities were created bv random grouping of 
cages into two senes Dysentery cases from one senes received bac 
tenophage treatment those from the other did not A separate cage 
was set aside for a sswaB etpenment in pn^hvlaxis According to the 



Acidosis — S>mptoms of acidosis, nhich are sometimes superimposed 
on anhydraemia especially in children, must be watched for and treated 
with bicarbonate of soda either by mouth or intra\enousl> Theintra 
venous injections of i per cent salt solution and o s per cent glucose or of 

0 5 per cent sodium chloride and o 5 to i o per cent sodium bicarbonate 
solution have been recommended in cas^ where adrenal insufficiencj is 
suspected Injections of adrenahn or of eucortine have also been 
emploj ed and in the treatment of ektri (the infectious diarrhoea of infants 
in Japan) Kavvati reports subcutaneous injection of adrenalin 03 to 05 
cc of a I 1000 solution is an effective remedy 

Relief of Pam — Abdorrunal and gnping pams are often relieved by 
hot fomentations, turpentine stupes and hot water bottles Tenesmus 
and dysuna are best treated by hypodermic injections of morphine 
Washing out the rectum with a pint of very hot water and subsequent 
introduction of suppositories of morphia and cocaine also frequently give 
relief Vomiting and hiccough which are generally serious symptoms 
may be treated by hot stupes to the abdomen and the patient given ice 
to suck and small quantities of champagne or brandy 

Other Drugs —For checking diarrhoea and with the idea of eliminating 
the dysentery toxins m the intestine other drugs have been extensively 
employed A mixture of animal charcoal and Layolm (Bolus alba) has 
been employed m doses of 02 of each A preparation known as 
colloidal kayolin or kaylenol has been recommended recently In sub 
acute cases isogel agranular preparation of agar givenmgram doses has 
been found useful in solidifying the stools and checking the diarrhoea 
Bismuth has been employed for many years in drachm doses (3 8 gni) 
every 3 hours during the stage of diarrhoea It is more suitable for mild 
and subacute cases The carbonate or salicylate should be used but not 
the subnitrate which in large doses may liberate poisonous products 
Intestinal disinfectants have also been employed and salol and nvinol 
have been particularly recommended for mass treatment during large 
outbreaks The dose of nvinol advised for adults in 50 mgni in pills 3 
times a day with correspondingly smaller doses for children Salol is 
given in doses of 5-1 5 gr (o 3-1 gm ) m cachets or suspension 

Treatment of Chrome Cases — Chmiofon (yatren) by the mouth and 
in rectal injections has also been recommended especially in subacute 
and chronic cases o 5 gm twice daily by mouth and 3 to 5 gm in 50 cc 
water by rectum Colonic irrigations have been extensively employed 
in chronic cases Cleansing enemata of 2 pts of hot saline solution or 
I pints of 2 per cent sodium bicarbonate solution may be first employ ed 

C F Martin has emploved silver nitrate 1 to 5 per cent in colonic 
injections while Rogers has employed alborgin (silver gelatose) 20 gr to 

1 pt of normal saline solution (o 5 per cent solution) Argvrol 

to I pt of normal saline or o 5 per cent solution has been extensiv ely used 
Silver nitrate must only be applied after the very acute symptoms have 
subsided The solution should be given at no C and not retained for 
more than i hour The silver compounds are only soluble in cold solu 
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the wnter s experience mild cases teqatre no antiserum They usually 
recover irrespective of such treatment and the most severe cases succumb 
m spite of treatment with serum 

Talbot (1937) wsthreference to the treatment of the disease in children 
sajs that no satisfaclorj specific serum is yet available for the infection 
Only polyvalent serum is practicable as tune is required for the bacterio 
logical diagnosis 

The probability of serum sickness must be considered It has been 
suggested to prevent or alleviate Uus to give calcium Uctate to grains 
(064 gm ) 3 times aday for i day before the administration 0/ fheseniin 
and for at least 7 day s loUowitig But in the very acute cases it may not 
be regarded as wise to delay the serum until *4 hours after the first dose 
of calcium lactate 

The usual precautions against anaphylactic shock must be observed if 
the serum is to be given intravenously 

Dosage — Shigs lorowtly r««o»m«o<k<J « tfuse of to ce for « tmld case or injee 
lions of 10 ce «t uteivah c! 10 hours lor cases of oied um seventy while la very texie 
eases he used te cc in j dsily doses of 20 cc each The douge of so oc foeiaerl.v 
advocated is now consideted hy many to be too smalt for adults Mansoe Sahr and 
Chopra t 936} have empt yed bo to ho ce u adults The dose nay be repeated every 
Sb hours ahottid the serious symptoms persist Smyly recommends s daily mieetiens 
^ 40 to 80 ee The doses of too tc or more which have eevcrcheless been employed 
are cosndered too large by some ebnicians A polyvaleot serum should he employed 
and ih uld be f ven at early as pmble in Ute course oi (he mfecu a h mey he given 
eubeutaneouily ict smuseularly 01 mtravenously Alt astptte precautions must he 
ngidly observed and the serum should be heated to a little over body temperature by 
placiagtheiialinwaterbeatedtoaboat le f (43 a C ) lor about 0 minutes The 
dmdvantagei of the tubcuuneous metbod are it is painful and the pain may last 
eeveraf days due to the dutentioBandd sroption of tissue produced by the large amount 
of scrum injected Also the serum h sWiy absorbed The points recommeadtd for 
the inj ctMD have been eipeciatly the flank and the (issues over (he lower part of the 
abdomeu Follawing the injection of the serum a general reaction u usually Doted 
afcee about it hours and there may be flushing of the face and nse of temperature 
increased pulse rate increas ng abdominal pain and oftec an increase in the number of 
thestooU flutmthemaj nlyofeascs on thefoUowing day thepat ent feels inqiToved 
as regards pain and the edects of the toiaemia The restoration of the cormat bowel 
functions h wevec Ukes place more slowly If there it no unprovcoient after 3 or 4 
days ev dently the serum u not p oving effective 

Waller (1919) and Klein (1919) treated over 1300 cases in soldiers by 
subcutaneous injections of serum donog the World War Large doses of 
120 to 140 cc were said to be most beneficial The amount being given 
m 3 injections at 8 hour intervals After the 7th day they found the 
secura had less effect By this time the patient was regarded as either 
very likely to die or the stage of recovery had begun 

The inttammcuU route causes touch less pain and local disturbance The sites 
recommended are the glutef muscln 01 the adductor group in the thigh In the Utler 
ra care must bo taken to atord theiemoral aitety 

Especially u) the fulminating Joira thesenmJtnmSdbcmjectedwtoavem Eitb c 
the medium bssiUc or cephalic veins at the df»w are the most suiUble TanUn (1921) 
andWiicoi afterp ei minaiy clesnsag of tbeeolon with s h gb enema havesnreested 
high eatma of serum 30-80 ce 
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statements of German medical o£Scers the standard treatment for bacillary 
dysentery m the forward troops of the German Army m Africa iias 
Ruhr Bakteriophagen Polyvalent, Behringnerie ’ which carries the 
Bayer trade mark It is put up in glass bottles in volumes varying from 
50-500 cc Large quantities of it were captured by the British durin„ 
the Axis retreat from El Alamein Boyd and Portnoy report no pro- 
prophylactic action was found to result from the 3 day administration 
of the bacteriophage The incidence of dysentery m the commumty 
treated with bacteriophage at the first sign of diarrhea was no different 
from that m the control community Neither the seventy nor the dura 
tion of the attack m the bacteriophage treated group was dramatically 
less than in the controls Dysenteiy bacilli were rei.o\ered from the stools 
after the bowel had been exposed for as long as 4 days to the action of 
bacteriophage This important article should be read in entirety 

Surgical i«/errefl/ion should only be considered m chronic cases where 
all medical measures have faded and m special instances where the con 
dition of the patient is such as to suggest that there is some hope that he 
will be benefitted by the operation Appendicostomy has been recon 
mended and can frequently beperformed with local anaesthesia Asmall 
catheter may then be inserted into the caecum by means of which fiushing 
out of the large bon el w ith hyperlomc saline solution can be obtained If 
It is deemed advisable to put the large bowel completely at rest valvular 
caecostomy or ileostomy may be performed 

Manaon Bahr reports a case «( an et soldier aged so years who after tuS^S 
with severe chronic bscifJaiy dyseotery/or syetrs underwent appeodicostoisy Tms 
however proved a failure as did al o bowel larvage with eusol solution Nal^iai 
caecostomy was performed a year later and the bowel subsequently flushed out dauy 
With hypertonic aalme solution This treatment proved more successful m that the 
patient when last heard from was in better health and physical condition but it hid been 
impossible to close the caecostomy opening on account of the destructive pfoee s 
present in the large intestine and he still passed quantities of blood and mucus per 
rectum daily 

In other reported instances of caecostomy and ileostomy closure of the 
wound has been recorded as impracticable particularly on account of the 
stenosis contraction that has occurred m the ulcerated bowel which has 
not been m natural use for several months For this reason ternun" 
ileostomy which will enable the bowel to have complete rest is advocated 
by some In such cases as Homans (1935) points out when proper care 
of the ileoanus is earned out and the movements become less frequent and 
irritating hfe is bearable and even may be enjoyable However restora 
tion of the natural passage is almost never possible The disease does not 
always subside even m the lunctionless colon 

Serum — Anti dy sentery serum has been employed for 40 years in the 
trea tment 0/ bacdlary dysentery but there is by no means umversal agree 
ment as to the exact benefits to be derived from it It has had a vride 
usage in many parts of the world Manson Bahr who believes it iS ot 
value, nevertheless emphasues that the serum must be used judicioudy 
and with arcumspection for it is essential only in very acute cases In 
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Spread the disease and a number of obsmers bebeve that the patient 
IS the most important source of laftction since the discharge may contain 
large aumb'^is of bacilh in the first stages of the disease Bacdli nia> 
continue to be present for from 4 to s ■neeks and in chrome cases occasion 
all> for much longer periods Disinfection of their stools is therefore 
important 

Kolmer (1923^ has suggested the Irealment of earners bj vaccination 
but Fletcher and others have found autogenous vaccines of little value in 
ridding the intestinal tract of the d>sentcry organism 

PfophjUctit Inoculabcm — ^Protective inoculation has been emplojed 
for many years Direct injection of ItiUed cultures of the dysentery 
organisms particularly of the nonfcrinenting manmte strains caused 
severe local and systeimt leacticms and ihtitfoie their use for prophylaxis 
has been largdy abandoned For these reasons the use of sensitized 
vaccine and of the addition of immune serum to the prophylactic was 
suggested in both Japan and Europe 

Gibson prepsrsd t propbylscuc issued >a t»in vuts tnnsisling cf tbs hilled organ 
1510* in one sod unoiuns serun in tbt oih«r llwse nere sused in cbe syriAge «t the 
Utse el (be lajeclkuo A loesUy pMoluI isdutation usually («Ut> ed (b« mieetioo but 
tb« tonstitutiofial tsactions «nt said to be mdder tbso nfa a tfae vacems uuboul 
seruta was used This inetbod « as used during the Uodd U sr but lUdt&site value 
'aaa sot gtoetally conceded Uouever Dudgeon (19 «> in '‘laccdo&ia observed 67 
caiff o{ dysentery in tn^o nan loocutated iiKhviduats and only 14 cases of dywBtery 
in s >47 uidividuala «ibo »ere inoculated 

to Geraany aad Auttna a aeasitued dyaentery vaccine B« A clies iytbaili baa 
been employed and It was sadtbati eeoopeopi bavet^eniBoeulaiednitb it without 
d letenouatSeei Its dedsite value however has not been c nclittivelydemdattrated 
Ibougb Sebittecibtlcn and Sebetena have stpotvvd lavenaUy on its use as vitll 
as Boebneke and Elkeles 

Various ether enelbods ior inioicnuing (be reaction folioviriss dyseatery vactues 
have teen employed and the use of cultures killed by eusol has been advocated Deau 
and Adamson (rpid) found than loooeu ol was the muiimunt aomunt of cunoentraCton 
necessary to render (b< vaccine at « Dudgeon (14 4) nporicil that ha Mpencncc 
■with eusol ir ated dysentery va cine was quile unsat afaciory Perry and Coppmgt! 
( 925) rep tied that vaccines prepaied from anaerobic cultu es were mueb less lone 
than those prepaied f m cultuies g own in an aerobe manner Oihetsha. va^^ested 
that fornioiiaed heated suspensions <d dysentery baoll ctu e kar 1* 5 local reaction 
Shiga s t suit* of tome 10000 ases inv.h>efa *ub utaneous vaccjBalions wiUi killed 
ulvures and antiserum w naoe sboneden the whole slight reduction ta snorb dily 
iho gb theie \as A to ered mortal ty Ktunbe (19 7) vn dilated jo 000 porters in 
t 5t Af i a with 1-4 ec of a polyvalent dysentery acc ne Vo imp o ement m the 
death rate f om bocillaty dysentery took place Otto fspaui who has macufattured 
vaccine ter dysente y at rianklotl fot many years has repo ted that he was able by 
Its u t to cu b an tp d 11) c aticclin 3500 men at a tiiiiitarv tesimng po t 

ha el I 94i) Duh s ( 943) and Tr wt { wj-ninpubli hed) have mad pr pa 
t is f a to* id ft m i* j if i bac 111 » hich give some evidence ol the pro 
tcct e effect of ba teriopbag 10 b tS naiioals aodbuiosn besngs in that the strum of 
in cutiud indivilui! today aftetinj tKi*> tontain d measirrabicamouMs cl spe«6c 
antitoxin 

Oral Vaccination —Be redU from he studies of local unmuoity m 
infectious disease developed the bile vacuue method of giving the vaccine 
orally He recommended to give before breakfast cn 3 sitr-c? sive days 
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Jf»Dy reports of tfe value of tite Bcnim are to be found rn the early Iiteriftirt 
Good results have been reported especially by Sbtga in Japan Rosentbd in Jloseor 
RuCer and V. lUinoTe at £1 Tor Kraus in Gennany and ilanson Bahr in Fiii Serum 
was used eitensively among (he Bnush troops during (he Uorld \Ur Graham at 
Sa’oBJca repoiU that the mortality was only i per cent in too average and severe cases 
treated mth the serum Hon ever thegeneralroortality among the BntishfroopisM 
only about a 7 pcr cent Tleteher and Jepps ((9J4) treated *46 Asiatics in Malaya 
by the intramuscular and intravenous routes The results as compared with tBeu 
control senes v»ere not striking They tboirgbt (be Mppareut faJurf ol the serum 
treatment nas not due to insufiicient dosage or other such circumstances but (0 the 
exhausted and lU nourished conditma o( the patients 

Smjlj (1937) reports a scries of 152 cases treated at the Peking Unioo 
Medjcal College Hospital, 79 were treated with serum The apparent 
effect on these nas good tn 51 per cent, moderate in 25 per cent and ml 
in S4 per cent 

Acton and Knonles hate reported that in Jadu the serata J> oi lalue 
only in Shiga infections knauer (1936) reported that in the treatmenl 
of children with serum there nas a diminution m the mortality rale 
However, Talbot (1936) does not regard the serum treatment as efficient 
in children 

PROPirVLAXJS 

The question of prophylaxis should include careful attention to pw 
sonal hygiene la institutions espeeiall} (he washing of the hands of 
mniates before meals should be required Murses and attendants of 
dysenter} patients should be informed of the danger they run of contract 
ing the disease and should near gloves when handling the patients 
Care must be taken in handling rectal tubes employed in treatment and 
they must be carefully disinfected immediately after use A J per cent 
solution of bquoT cresolis compositus may be employed for tins purpose 
Special precautions must be taken against articles of food becoming 
contaminated cither on the fable or m the kitchen Fruit vegetables 
and null, are especially liable to become contaminated from the ercrcmeni 
of infested bouse flies Water and milk should be carefully sterilised 
preferably by boiling since many epidemics have occurred from infected 
water and a number from infected railt The disinfection of the faeces 
IS necessary and those passed most also be protected against the entry 
of flies For disinfection of faeces one can use an equal portion of hqut»r 
cresolis compositus to a similar amount of stool leaving the disinfectant 
to act at least one hour before emptying the receptacle Bedding ana 
soiled clothes can be disinfected m a per cent solution of this coffl 
pound Seats of toilet? especially in institutions should he stcrih ed 
Fly transmission from faeces especially in latrines and then to food « 
of the utmost importance in originating many outbreaks The latrines 
must be made fly proof and all possibk measures taken to eeterminate 
the flies Breeding grounds of the fly especially in manure heaps and 
m latrines must be destroyed 

On account of the infectious nature of the patients it is best m nos 
pitals to care for them m special wards Dysentery earners may also 
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fever This group includes 5 paratypJn (paratyphoid A) S schotlmulkn 
(Paratyphoid B) S enleriUdts (Gartner) and S aerlrycke and the less 
important but closelj allied oigamsms 5 suipesUjer and S tnorgant 

These organisms are alike moipholog calljr and culturally on ordinary media They 
m y be difFcientiated roughly from the colon group by the r inability to ferment lactose 
and sa charose and from the typhoid and dysentery groups by their ability to ferment 
dertrose and mannite with gas production The individual types react alike on a 
si nt of Russells double sugar agar producing acid and gas m the butt and no change 
on the surface of the slant For other biochemical reactions see the accompanying 
table p 5^4 

Fasatvyboiii Fever and Food Foisonimo 
Paratyphoid bacilli (\chard and Bensaude 1896 Scbottmiiller 1901] — Paratyphoid 
fever which bears a close resemblance to typhoid fever clinically may be caused by 
^ paraSvpht (A) or 5 tehoUmuOm (B) 

Salmon Ila faralypl 1 (paratyphoid A) is distinguished from other members of the 
SalmvntUa group by its 1 ability to ferment aylose and to produce a brownish d scolora 
t on on lead acetate aga: Th a group is secoIogicaDy relatively homogeneous 

SalmentUa scluiUmullert (parstypWid B) produces acid and gas from eylose dis* 
colors lead acetate agar and eventually tenders milk strongly alkaline Strains m thi 
group vary m their aBCigenie prope t es and may be very difficult to classify 

Both organisms may cause a cluucal picture ind stinguiibable from that of typhoid 
fever althougbthesynptomsareapttobemilder They are present in the blood in the 
ea ly stages and later appear m the faeces and sometimes in the urine Agglutimns 
develop and the diagnosis may be made by agglutination and agglutinin absorption 
tests A great many cli ical types of paratyphoid infections occur since there is as a 
rule less tendency for the bacteria to locabce than (or typhoid bacilh Among these 
have been noted a dysenteric type anepbniictype a rheumatic type andanmfluen al 
type Some cases of infectious jaundice have Imn attributed to paratyphoid infection 
and al 0 various local infections such as pyebtis Paraippheid B may cause symptoms 
resembling those of meat po soning It is more pathogenic for animals than is the 
typhoid bacillus The development of antibodies in man and in animals is much less 
marked than that which occurs lO (ypboid Infection is transmitted in the same ways 
as IS typbo d and some of the cases become chronic ca riers 

Immunization with vaccmes may be obtai ed as in typhoid fever 
L boratory D ag osts — The g me methods are used as in typhoid fever Preci e 
identification of the organ sms is sometimes difficult e en by agglutinin absorption tests 
especially m the case of paratyplund B which may be diphasic The flagellar antigen 
of a g ven strain may occur m z phases a sp cific phase in which it is agglutinated 
only by a strictly homologous aatiserum a d a non sp cific or group phase m which 
It 15 also agglutinated by ntisera produced by the injection of the H antigen of other 
(heterolog us) types For exact identification of the organ sm it is necessary to test 
the agglutinability of the flagell r and som tc antigens separately If the flagellar 
ant g n IS in the group phase it is cssent al that the culture be dissociated mto the 
specific phase if necessary by growingitiii media contaming a group antiserum antago 
nistic to the heterologous lements of the g oup antigen 

Anligemc Structure — ^The antigens of the SalmoneUa group have been 
studied in detail especially by White and by Kauftmann and the dassifi 
cation proposed by the latter investigator was recommended for general 
adoption by the Salmonella subcomnuttee of the International Society of 
Microbiology 1934 Thus far more than 40 types differing in their anti 
genic structure have been described The type name is usually that oi the 
locahty at which the strain was first isolated 
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a tablet containing 20 cgm of dessicated bile, followed by a dose of 
100 milliards of djsenterj baciUj killed b> heat, the same treatment to be 
given on 2 further consecutive days 

Since this suggestion by Besredka (igig) human vaccination by mouth with killed 
cultures of dysentery bacilli have been studied or employed by Kami (19J1) Japan 
NicoUe and Conseil (igaa) Tunis Aoglade (1914) and Pascal (19J4) France Antonov 
sky (1924) Russia Gauthier (19*4) and S^rlh (igag) Greece All these obseners 
have reported favorable results \aaand Araujo (igtp) have reported on the value of 
this method both for pcophylarisand treatment and Pergherand Van Riel have useda 
preparation known as anavaccine among employees in Central Africa and found the 
results favorable if given every si* moalhs Colons (rpey) has sbonn that immainty 
in rabbits could be obtained by oral vaccination m about 50 per cent of the animals 
Tanabe (1932) in the immunization of the Japanese army has also reported favorable 
results by the oral administration of anti-dysenteiic tablets contaming dried dysentery 
bacilli Iguchi (1932) used the oral vaccine on 130 000 school children during 2 succes 
sive years and reported that the morbidity rate from dysentery was reduced by half 
On the other hand Fulton and Berry (1927) who tried oral vaccine on children under 
2 years of age in the United States obtained unsatisfactory results They employed 
a vaccine containing 400 000 000 each of j diflerent strains A total of two thousand 
nulIioB per cc was given every month in milk on 3 successive days to 107 children 
leaving 397 untreated infants as controls Tbefrequency of bacillary dysentery in the 
a groups was subsequently identical Ualker and Uatts (1930) also found that an 
oral bill vaccine prepared in Paris failed entirely at a prophylactic agamst bacillary 
dysentery 

Prigge (1940) who formerly worked upon the preparation of diphtheria vaccine 
has prepared a dysentery vaccine consisting of a mivture of bacterial evotoxin with 
greater neural eSects and endotoxin which 1$ claimed to have a special action on the 
intestine It is reported that in animal evpenments excellent results have been 
obtained and the first cUmeal observations are also said to be favorable 

The entire subject of oral vacane in dysentery must still be regarded as in the 
expenmenUl stage Manson Babr (1939) writes that the literature on the subject is 
in such a state of confusion that it almost defies analysis 

Zinsser and Bayne Jones (1939) believe (bat (be available evidence does not warrant 
recommendation of the use of dysentery vacanes as a general prophylactic measure 
and in this opinion the writer concurs 

DYSENTERIC SYMPTOWS AND CASTRO INTESTINAL 
DISTURBANCES FROM FOOD POISONING 
Gastro enteric disturbances and symptoms of dysentery also frequently 
follow bacterial infection of food or drink with organisms of the Salmonella 
group Kessel and his assoaates (1936) in studies carried out in Cali 
forma observed 246 cases in which organisms of the Salmonella group 
were found 72 per cent of these had acute dysenteric symptoms 16 per 
cent were diagnosed as chrome cohtis and 12 per cent had no subjective 
symptoms Botubsm which results from food poisoning with Bacillus 
botulinus a spore beanng orgamsm does not give rise to gastro enteric 
sy mptoms Stitt Clough and Clough (1938) have summarized the classi 
fication of this ententidis group and the disturbances to which they give 
rise 

Salmonella or Paratyphoid — Enteritidis Group 
T his IS a heterogeneous group of oi^fanrsms some of which cause vanous 
gastrointestinal disorders and occasionally a disease resembling typhoid 
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The O antigens of which i3havebeendistinguished are designated b> 
arbitrarily chosen Roman numerals The flagellar antigens in the specific 
phase of which j 8 have been identified arc designated b> letters (a to z 
z? etc ) and those in the group phase by Arabic numerals (i to 6) The 
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antigf nic structure of a strain is usually determined by subjecting suitable 
suspensions of the organism to vanous immune sera from which all or most 
of the agglutinins except that corresponding to the antigen to be in\ esti 
gated have been removed by absorption with suitably chosen strains 
Each type has usually a or 3 diflerent O antigens m the specific phase 
1 to 4 H antigens and in the group phase a to 4 (other) H antigens To 
identify a given type the culture must be in a smooth state the organism 
must be examined in both the group phase and the specific phase and it 
may be necessary to demonstrate the presence of 8 different antigens 
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ThtO antigens of winch 13 lia>e been distinguished are designated by 
arbitrarily chosen Roman numcrak Hie fiageUar antigens in the specific 
phase of which j 8 ha\c been identified are designated bj letters (a to z 
Zi etc ) and those m the group jdtase by Mabic numerals (i to 6) The 
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antigenic structure of a strain »s usually determined by uh)ecting suitable 
suspensions of the organism to vanous immune sera from which ail or most 
ol the aggtutmjns etcepl that corresponding to the antigen to be investi 
gated, have been removed by absorption with suitably chosen strains 
Each type has usually r or 3 different O antigens in the specific phase 
I to 4 it antigens and in the gm-p phase a to 4 (other) H antigens To 
identify a given type the culture must be in a smooth stale the organism 
must be examined in both the group phase and the specific phase and it 
may be neces ary' to demonstrate the presence of 8 different atitig ns 
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kQo\rn hoAever t}iat (!>« disease » Ott$ed bx* fiSfuble vmis sad Cliat aftiiougli this 
iirganissi IS ConsUDtly preseat and max from the blood ituooly a secondary 

invader It bas been rtported as the cause of epidemics of food poisoning in man 
althossbmsomeofthesecasesUwasptobablxconfiiiedwithS tirtoeie Ithasalso 
been isol ted from sporadic cases of a sevn geaerri tnfettjos ui maa (most frequently 
IS cbildrenj which resetob'es typhoid fescr chaica ly (Reviewed by Ilarvey 1937 ) 
Idestidcation of ibis organism r qjire piecM agglutination and agglutinin aWrptiozi 
te ts TbeH aatigen of the Cirop^n txpeismoa'qihasK (gteup phase) whereas that 
of the Amencae type is diphasic ^et ta le) According to Knttner and Zepp it can 
also be didereotiated bv its inability to {ersnent arabinose trehalose and inositol 

SalmoneUa morgcfii has been carted as the cause of certain cases of tiuld enteritis 
ft produces a scry slight amount of gas tn glucose only and produces mdol It does not 
cause any pmnary aeidit) in 1 tmus (01% 

Other chi e'y re'ated i/rganisms iritb slight anCigenii. differences base been described 
in various epideiRu.s 
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Laboratory dtagnasts in (uses of food ^uontug due to these organisms 
depends chiefly upon their isolation from the stools by pUting methods. 
OccasiosulJ) they nu> be demonstrated in blood cultures During con 
valescence agghunms may be fonn^d which can be tested against known 
strains o{ these bactena Cultures from the in'ected food should be 
made when possible 

f^tomaiae Poisoning. — Ttus tens la ba^d upon a nusroaceptioo Tbe ipht 
p oducts of protein putrefaction has oot beta deiaonslrated ta have a toxic effect 
when ingested This d agooi s has cftes been applied to disturbances resulting from 
nfectionw tb^alno rila dy> scetyeeeoloabaerUt Botulism must also be considered 
Aoapbylactic reactions Co c rtaji food Uufia may cause similar gastro intestinal 
disturban es 
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An organism maj be assumed to be in the group phase if it is agglutm 
ated b> an H agglutinating serum for S smpesltfer, European type since 
the latter occurs only m the group phase 

The fable on page 5S5 illustrates the complexitj of structure and the 
apparently haphazard way m tvhich the different O and H antigens are 
combined in some of the tyiies (For a full discussion see Topley and 
Wilson Bacteriology rpj? ) (Sec also Seligmann and Wassermann 

1943 ) 

Salmonella ententidis (B enlertlidts) Gartner x888 — This organism 
has been isolated frequently from cases of gastroenteritis caused by the 
ingestion of meat from diseased animals or even of food contaminated 
by contact with the infected meat The infection may be spread by the 
unclean handling of food by flies or even by the contamination of food 
with the faeces of mice or rats This organism and B aerlrycke are 
particularly responsible for the outbreaks of food poisoning which have 
occurred in Germany England and less commonly m the Umtcd States 
It closely resembles the paratyphoid B bacillus m its cultural reac 
tions but can be differentiated from it by its ability to produce acid in 
tartrate media and by agglutination tests with immune serum 

Inman 5 e»/en/i<fticau$esanacutegastroenteriii$vvithsymptoznsof 
intoTication Since Sdmonella have been isolated from only 70 to 30 per 
cent of the cases of food poisomng Savage (1929) suggested that the 
symptoms in some cases may have been due to endotoxins formed in the 
meat before ingestion If the amount of toxin ingested i& great syznp 
toms occur shortly after ingestion If the amount of toxin is small the 
symptoms may be delayed for one or two days This totm unlike that 
of B bolulmus (Cl boluUnum) is not destroyed by boiling The Gartner 
bacillus has been isolated m pure culture from the faeces in cases with 
high fev er and marked intestinal derangement with fluid stools contain 
ing considerable blood It is very pathogenic for laboratory animals 
producing a haemorrhagic enteritis and at times a septicaemia In large 
outbreaks the syTnptoms often commence almost simultaneously among 
a number of the food consumers The onset is usually sudden with 
abdominal pain and tenesmus, diarrhoea nausea and usually vomiting 
and continuous vomiting usually denotes a serious prognosis While in 
some instances the stools may contain considerable blood blood and 
mucus in masses in the faeces are a rare occurrence 

SALMONELLA AERXRXCLE (B aertrycie) — This organism frequently 
causes a similar gastroenteritis It resembles the paratyphoid B bacillus 
even more closely than S enlertltdts, and is difficult to differentiate 
serologically, even by agglutinin absorption tests Both are diphasic but 
in the specific phase they possess different flagellar antigens S aerlrycke 
(identical with B typhimurmm B peslis cavtae Ani B is highly 

pathogenic for many laboratory ammals and causes serious epidemics 
especially among mice and guinea pigs 

S suipeshfet (B suipesItSir) — This oisaoista was isolated by Salmon and Smith 
Irom swine with hog cholera and was believed to be the etiological agent It is now 
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DYSENTESIC SYMPTOMS 


Burke and May have tabulated the diffcieoces la botulism and food infections as 
shown on p 387 

Staphylococci and streptococci have also been reported as the cause of outbreaks 
of food poisoning Dack Jordan and others la Chicago have reported that certain 
strains of staphylococci are able to give rise to toxic substances which may have a con 
siderable degree of thermostability and result in the formation of bacterial torins in 
the food prior to Its consumption The staphylococcus in kelly and Dack seipenments 
was isolated from food which had caused an outbreak of food poisoning While it 
grew best at 37 C it also grew later at temperatures as bw as 8 C It could also be 
Cultivated m media containing 10 per cent salt It penetrated rapidly into meat as 
well as into bread especially 1! the latter was moist The usual symptoms of the 
outbreaks were nausea vomiting and abdominal pain the chnical symptoms of dysen 
tery being usually not present Kelly and Dack reported 17 epidemics due to staph 
ylococci A number of other reports have been made of severe diarrhoea caused by 
staphylococcus enterotozin It has been thought to be due to a preformed heat stable 
toxin in certain foods containing custard or cream fillings sour milk and ham injected 
with curing fluid (tenderized ham) have also been regarded as a source Certain 
haemolytic strains of staphylococcus have been regarded as the infectmg organism in 
the food Callender and Inmon (>937) have reported 3 other epidemics in the Panama 
Canal Department within a la month period one due to the ingestion of contaminated 
bread pudding and the other to ham left standing at the tropical kitchen temperature 
48 hours after boiling and then used to mince as part of the filling of stuffed eggs 
Organisms of the Salmonella group also may give nse to thermostable toxic substances 
which are soluble in water and are precipitated byalcohol The method of extracting 
these substances has been described by Raistrick and Topley who have shown that 
they are polysaccharides and when injected into rabbits cause fatal symptoms 

Dysenteries Resulting from Mechanical Irritants or Poisonous 
Substances 

Stitt has reported a form of poisoning which occurs m North China 
and gives rise to serious illness or death and is attended with marked 
abdominal pain and manifestations of d>sentery caused by short lengths 
of bristles which are given mixed with the food 

Various irritant metallic poisons as arsenic antimony and mercury may also give 
rise to dysenteric sj mptoms Callender has reported an outbreak in the United States 
Army caused by poisonous amounts of ainc and antimony in hmeade which had been 
prepared in a galv anized iron pan The onset of the disease was spread over 4 days and 
80 per cent of the men who drank the limeade were affected Poisoning with mercury 
may give rise to ulceration of the intestine and secondary infection with a virulent eiu 
date in the stools Intussusception frequently gives rise to symptoms of pain and 
tenesmus and vomiting with the passage of small bloody rather than muco sanguine 
ous stools A sausage shaped swelling may appear in the abdominal region Djsen 
teric symptoms may likewise be present in the terminal stages of various chronic 
diseases especially tuberculosis and cardiac infections In cancer and syphilis 0* 
rectum there may be a suspicion that the process is an ordinary dysenteric one Also 
in chronic nephritis leading to uraemia symptoms of a marked catarrhal or ever 
diphtheritic colitis may occur 
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earned there from India During the epidemic of 1817 it again uivaded China by the 
land route from India and extended all over Asia It was first described from Japan in 
1821 although an epidemic which devastated Tokyo in 1718 may have been cholera 

Five pandemics of appalling magnitude have occurred during the 
19th centurj spreading from India through Asia Minor Egypt and 
Russia and by 1830 reaching not onl> Central Europe but North and 
South Amenca 

The great pandemic of cholera whKh started in Ind a in 1817 extended all over 
Asia but did not invade Europe The second g eat pandeimc is of importance as 
be ng the first to invade Europ It started m India in 18 6 and advancing slowly 
reached Persia in 829 extending thence by way of Ast akhan to Kussia Sweden 
Northern Europe and England By 183 it had spread over the whole of Europe 
In the s me ye r 83 it re ched Canada and thrace extended to Fort Dearborn 
where it infected the soldiers who subsequently carried the disease down the Mississippi 
alley It was also introduced into New kork and Boston and spread from there 
south and west so that by 836 cholera was present in most pa ts of the United States 
not disappearing until >838 It disappeared from Europe m 1839 

The ne t Europ an utb ak or tbi d pandemic lasted from 1S46 to 1862 and was 
traced from India by way of land and sea that by I nd following the caravan route by 
way of Persia and Russia and tb t by sea from Indian pilgrims going to Mecca and 
there causing the infection of Jlabommedan pilgrims from Egypt and European Turkey 
Thisp ndenuc reached the U tedSiatesin 848 starting at New Orleans and extending 
up the Missia ippi valley Central and South Amenca and the West Indies we e also 
invaded by the third pandem c The fou tb geeat pandemic invaded Europe by the 
usual routes and continued from 1S63 to 1873 In i8fi t was C rned by sea from 
Bomb y to Arabia and Mecca and was then spread by the returning pilgrims throughout 
Egypt Syria and the southern European ports to the East Coast of Africa During 
the continuance of this pandem c tb re we e 2 outbreaks in the United States one in 
S67 and another m 873 That in 1873 when it was introduced into 3 widely s pa 
rated parts of the country w s the I st appearance of an outbreak 0! cholera in the 
United States 

The fifth p ndemic be an in India in 1879 teaching Egypt and Europe in 1883 
and aSectmg particubrly m Europe the Med le nean aeapo ts of France Spam and 
Italy It was dun g this epidemic in 1883 that Koch working m Egypt discovered 
Che cause of ch lera \>br 0 c mma (Sp illam tMaat) Howev as Che epidemic m 
Alexandria soon subsided be proceeded to Ind a where after a study of 42 cases of 
cholera and 28 autopsies he give confirmatory evidence of the etiology of the di ease 
(1884) 

A very serious outbreak of cholera or guuled n 1891 m pil rims from the delta of 
the Ganges attending a religious festival It wa spread by tetuinmg pilgrims and 
cached Eu ope in 189 Aim st a mill on deaths occu ed in Russ a It was dun g 
this epidem c that cholera appeared with great v cute ce in Hamburg In that city 
nithm 2 months there wee neatly 17000 cases and over 8 000 deaths This outbee k 
ga e opportunity f c those careful stud es as to the transmi on of th d s as to b 
1 ter refe red to 

It IS usual to recognize a sixth pandemic which began in 1902 and 
spread over India China and the Philippines The epidemic in the 
Philippines gave opportunities for special and original studies concermng 
the disease by American officers of the Army and Civil Govt medical 
services This pandemic continued to cause great mortality in Europe 
and from 1908 to 1910 there were reported some 71 000 cases and 26 000 
deaths in Russia 



Chapter XVII 
CHOLERA 


Definition 

De£njboa — Cholera is an acute infectious disease characterized by a 
profuse and purging diarrhoea by vomiting muscular cramps, suppression 
of urine and collapse It is caused by a bactenum f tbrio ckolerae 
which IS present m the intestines and in the ricewater like stools dunng 
the acute stage of the infection 

This organism multiplies especially in the small intestine and under 
going Ijsis liberates a toxin which is responsible for the desquamation 
of the epithehum of the mucosa and the initiation of the other jnani/esta 
Uons of the disease The clinical course is divided into the stage of 
evacuation, in which there is a great loss of fluid from the bod> through 
repeated profuse discharge of ncewater like stools and copious vomiting 
accompanied by very painful cramps of the muscles These symptoms 
are followed by the algid or collapse stage with signs of failure of circula 
tion and almost imperceptible pulse hoarse whispering voice cold,cIaminj 
skin subnormal axillary temperature shmeled and cyanotic extremities 
oltea associated with anuria With the return of activity of the circula 
tion and urinary secretion a stage of reaction supervenes 

History and GEocRAPmcAi Distribdtion 

History — Theie are indefinite references to cholera m the early Greek literature 
Thucydides jlb century B C (Book II Sec 4 T~sS~^) suffered from » disease he 
described as epidemic among the Athenians which caused great mortality In his 
description of the symptoms he refers to the fact that with the contents of the bowels 
running out like pure water the patient must sink at last through asthenia due to this 
McMillan (1914) translated the account given by Thucydides and regards it as the 
first recorded cholera epidemic Although the word (sometimes translated as 

flow of bile 1 IS found in the writings of Hippocrates it is generally agreed it did not 
refer to the disease we now recognize as cholera The older writers noted bilious dis 
charges as characteristic of the malady th^ termed cholera which could not apply to 
the bile free nee water discharges so characteristic in the disease that we now term 

cholera Susruta in India in the 7th century A D described a disease in which there 
were diarrhoea and vomiting stab^ng pains cyanosed lips and nails with sinking in or 
the eyes and weak voice Indeed it appears not improbable that cholera has hew 
present in India from remotest antiqnity For centuries it has been known £0 be 
endemic m the delta of the Ganges and lower Bengal and from there it has spread irom 
time to time in epidemic form not only all over India but to many other countries 
assuming on a number of occasions world wide pandenuc characters Detailed 
accounts of the presence of cholera in India were published from the 16th to i8tB 
centuries when the Portuguese English and French were carrying on their wars 0 
conquest in India These wars served m spreading the disease all over that country 
It has been thought that true cholera did not exist in China until 1669 
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In & Dumber ol theie ustance! tbm imiB«iuty is due to tbe geographical isolation and 
lack of communication rvith the endemic centers ot the disease Hon ever one should 
bear la nusd that cases of cholera may sometunes appear very unexpectedly in a coun 
try in which the disease is not known to be present One need only recall the sudden 
epidenuc in Hamburg in 185J At the tarn ofitsongin cholera was not supposed to 
be pre ent m Germany ^toreover U ere u hardly an important country m the world 
which has sot at one time or another been vis ted by cholera durmg some of Its epidemic 
periods That certain eoualnes are tree today is due particularly to quarantine and 
to the other san tary measures which ate taken with reference to the prevention of the 

Etiou>gy and EpiDEtaoiorv 

Etiology — ^The cholera vibno t sArio eholerae (Spinllunt cholcrae) the 
cause of the disease was discovered by Koch in 18S3 and ts a short 
curved orgamsm which from its shape is often called the comma bacillus 

Uorphology — T^qiically it ts a small comma-shaped rod i ; bv au It frequently 
occurs in S shapes owing to the attachment ot a pair of organisms at their ends and 
especuUy in old and avirulent cultures long threads showing a soniewbat piral appear 
asce my be seen In smears made rrura bits of mucus and cellular debris in the faeces 
the iptnlla eften resemble hsh swimming parallel to one another in a stream After 
prolonged arti&cial cultivation and occasionally in freshly isolated cultures rod forms 
ceccoid and club shaped in olution forms ate frequent Obno found that their 
development depends in psrt upon the resction of the medium and iiggeited tlat 
ttanslere be made on medu ol varying gU to obtain the chstacteristie ibno morphol 
ogy There 11 a t ngle long terminal dagtilum wh ch imparts to the organism a very 
active scintillating or darling motility It stains csiily by ordinary method! and 
IS Gram neg live 



Fig i 4 f — Ch lera vihn (K U d Fic 147 — Involut on t rm f 
Wa serni rn > th vibn of h 1 r (Van 

ERnens m ) 


Cultural Characteristics — The t (& i« ehtte ai u sui tly aerobic nd grows re dily 
pon ordinary cultu e media The opt mum reaction is pH 8 o-q o Growth is 
inhibited Ey a mod rate acid ty hit will comriin m d» sulScirnlly alkaline to inhibit 
otlier species of bactern This toler nee for atkal oity fseduates their isolation from 
the fae s by sp cial media O agar the cokm es arc translucent bluish grey resem 
bU g son w h t those of tl typhoid bacillus On gelaUn plates they are more charae 
terisuc and appear after 4 hours as small hi Uy rtftactile whitish colonies which 
under the low power have a granular center with spinose marg ns and a surrounding 
tone of Uquef ction In g latin stabs a tumip-shaped area of hquefacU n appears at 
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water from rivers shallow wells tanks ponds and creeks the menace of 
cholera still persists 

Cholera m the Far East generally during 1937-38 appears to havebeen 
more than usually severe and the disease vvidelj spread in China In 
parts of China and French Indo China the refugee influx into certain 



Flo 14s — Ge graph c distnbut on of cholera in China in 1938 (Epidein o!og«I 
Int 11 gene S rvic of th [• gue of Nations ) 


territories has apparentlj been an important factor in epidemicity Vi ith 
reference to Shanghai as a center of cholera since 18S9 it has been noted 
that cholera has made its appearance m the town almost every summer 
It should be pointed out that certain parts of the world have not been importantly 
or at all visited by cholera as for example Australia and New Zealand the W est Coas 
and interior of Africa the Cape of Good Hope several of the more isolated Islands in 

the Pacific and Atlantic Oceans as wellasthecoldiegionsof Europe AsiaandAmeW 
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In a Duuixr o( thcifr iDstanccs Ibia tconmiiity u dne to tlse geograptical isolation and 
lack of comiDunicatiOD with the endemic centcKof the disease However one should 
bear in mind that cases of cholera may somet mes appear very uneapectedlvin a coun 
try in which the disease is not known to he present One need only recall the sudden 
ep demic in Hamburg in iSgr At the tine of its origin cholera was not supposed to 
be present in Germany Moreover there » hardly an important country in the world 
vrhichbasnot at one timeor another been visited by cholera during so ne of its epidemic 
periods That certain countries are free today is due particularly to quarantine and 
to ll e other sanitary measures which are taken with itf trtntt to the pitvention ol the 
dis ase 


EltOLOGY AND EPIDtMlOLOCV 

Etiology — ^The cholera vtbno I »6fio chtAtrae {Spxnlhim choltrae) the 
cause of the disease was discovered b> Rocb in 1883 and is a short 
curved organism which from its shape is often called the comma bacillus 

Morphology —Typically it is a ainaU comma shaped rod t s by jm It frequently 
occurs in S sha; es oni g to the attachment of a pair of organisms at their ends and 
especially in old and avuulent cultures long threads showing a somewhat spiral appear 
ante maybe seen In smears made from bits of mucus and cellular debris tn the faeces 
the spirilla often resemble fsh iwimming parallel to one another in a stream Alter 
prolonged artihcul cuUnalion and occawonally in freshly isolated cultures rod forms 
corcoid and club shaped involution fo ms are frequent Obno found that their 
development depends m part upon the reaction of the raedium and suggested that 
transferi be made on media of varying pH to obtain tbe cbaract ristic vibrio morphel 
ogjr T1 ere is a single long leisunal dag Uum whicb imparts to tbe organism a very 
activa icintiUatng or darting motibty It stains easily by ordinary metbods and 
IS Cram negative 




Xina n« ra ) 

Cultural Ctwactetistics — The t br » ckale ae « at ictly nohic and grows readily 
upon ordinary culture media Tbe optunum teactioa is fll S 0-9 o Growth is 
inhibited by a noderate acidity but vnll occur on media suffici ntly alkaline to inhib t 
other species of bactena This tolerance f r alkaliiuty lacililates their isolation from 
t e faeces by special me lia On agar tbe colon es are translucent bluish grey resem 
hli B snen what th se of the typho d baciDua On gelatin plates they a e more charic 
tenstic and appear after 4 hours as smalt highly tefraclile whitish colom s which 
under tbe low power have a granular center w thsp nose m rgias and a surrounding 
cone of Iiquef etion In gelatin stabs a turnip shaped area of liquefaction appears at 
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the top ol the puncture— the aic bubble appearance Coagulated blood serum u 
liquefied Litmus icillc is (usually) not actdi^d nor cosgulated On alkaline potato 
the grovith IS vrhitish and later changes to a broMinsh yellow or pinkish color Inbrolli 
or in Dunham s peptone solution growth u rapid and lusunant espeeuUy at the sutfiee 
and a pellicle is formed In the latter medium indol a produced and the nitrates are 
reduced to nitrites The cholera red reaction depends upon this fact and is due to tie 
formation of nitroso indol The test should be made by adding from 6 to 8 drops ol 
concentrated If SO( to a aa-aS hour old peptone solution culture of the organism to be 
tested Each lot of peptone should be tested with a known cholera 

/I flk Aibno sinee certain preparations of peptone will not gut the rtac 
lion If the organism IS a cholera vibrio both indol and mtroso body 

are produced and the violet pink coloration occurs cholera red 
reaction 

T Fennentatioa Reactions — Glucose maltose and saccharose are 

I usually fermented A«d u produced without gas \ylose is not 

I fermented Most of the strains fermeot mannite Lactose is not 

'* fermented within the first 48 hours and many straws bive no 

action on this tubsequcotly But alow or late fermentation cl lactose 
has been reported lloweier the fermentation reactions do not 
suffice to diierenliate the members of this group though Taylor 
Read and Pandit (iqjfi) report that the fermentation 0/ mannose 11 
characteristic ol typical ) <kalera« 

Many believe that the typical tboleta vibno does not prow* 
haemolysis on blood media afthougb after several days growth tbtK 
may be some chemical alteration or digeslioo of the oediuta atoond 
the colony which simuhles a aone of haemolysis VanLogbein us 
suggested that this may be due to haemodigestion Cooked blood 
. medium is cleared in the same nay 11 a filtrate from a broth wl 
ture IS added to a suspension of red blood tells no haemolysis usually 
occurs An etceptwn to this rule is seen with the El Tor vihro 
atin two days which was uolat^ from cases of diarrhoea sometimes fatal 10 pu 
old (Kraenkel grimsatElTof Thu organism » actively haemolytic yet is sggw 
and Pfeiffer ) tinated by cholera immune strum 


cholera 6tab 
culture 1 1 gel 
1 two days 


Vtino El Tor — The relationship of the Vibrio El Tor to 
eholerae has been a matter of controversy in bacteriology since 1905 when 
it was first found by Gotschlich at the quarantine station at El 
both sick and healthy pilgrims The organism has been found in the 
complete absence of cholera in the region and it has hitherto soroelimes 
been regarded as non pathogenic for roan Recently however DeMooi 
{1938) has reported an important outbreak, in the Celebes in which from 
47 patients with typical symptoms of acute cholera a vibrio of the El Tor 
type was isolated 


He idCDtified this El Toi vibno by ui^yuig uggiutinatwu tests of the 
II agglutinia and that 0/ the tpecefic O aggiutmin (Inaba and Ogawa types) 1 
were positive as also was the Pfeiffer t«t Haemolytic activity was shown for g 
erythrocytes About 400 strains were exanuaed and they were identical Ji* 
siders the disease endemic and not an accidental importation VanLoghem (193 f 
studied i of these vibiio strains sent laia hy DeMoor He found tbeorgaoisms '“f" 
with the classical El Tor vibno in aff respects As a result of his studies 0“ . 

he concludes that the vibrios of Kocb and of H Tor are different hence the C 
outbreak is regarded as not identical with acute cholera He proposes to call it t” 
(hoUnfoTKis although choically the disease resembled cholera Otten 
eiamined this Celebes strain grownmbroth andhasfooiidittobedefiQitely ta^o^ 

but far less so than I lirw El Tor He beltevei alw that f tlrto choUrae may gi 
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to abicmoIysiD'rvbichisoftenlcss staUeUuuitlMtof V cdeiies snd as a tule i$ ilready 
absent m cultures of 3 days growth Ib 1940 eight cases of El Tor \ibno infection 
occurred in the Cel bes and s these were fatal 

ifaeino2>( cPouer cfCkalt a lii i«s — Otten emphasizes that whether haemolysis is 
demonstrable 01 not depends consideiably upon the method employed m making the 
tests At least 3 factors are of paramount lofljence in the haemolytic process namely 
the growth of the culture tbemethodofincubatiooof the mixture and the way in which 
the blood is subjected to the action of haemolysis lie found that haemolysis subsides 
when according to VanLogbem 1 method blood is added first to the broth and then 
inoculated only after the blood has s ttled at (he bottom of the tube instead of adding 
blood to th already full grown one-day culture la the latter case haemolysis usually 

Both DeMoor and Otten have observed the presence of haemolysis m one-day 
cultures in the majority of the cholera slta ns studied However they found that 
when they employed the medium blood ratio used by Creig namely t cc of the broth 
culture to I ec of a s per cent blood suspensioii after continuous incubation at 37 C 
they obtained no haem lysis Otten thinks this inhibitory action emanates from the 
blood Itself In vibrios witb a weak ha molytic power haemolysis was found to fail 
even when only twice the usu I qu ntity of blood was used 

kibeshima (ig 8) previou ly reported that over 90 pet cent of his cholera strains 
showed baemotysis and Jenevray and Btuneau (1938) reported that most of their 
cholera strains after 94 hou s incubation at 37 C showed a discrete haemolysis but 
this was sometimes irregular 

Mertens and Be uwkes ( >40) expenenced some diSculiy in separating authent e 
cholera vibn s from the El Tot and Celebea strains by means of the haemolytic test 
However by extractiog tb« 3 kinds of vibrios wiUi ac tone alcohol they obtained a 
thermo table haemolyt c agent from the El Tot and Celebes straios which was present 
only in small amount in two of tbeir cholera strains Secoodly by growing the 3 vibno 
types on a synthetic glutamic acid medium to which goat red cells had been added a 
complete differentiauon was found poss ble XU (heir erpenments were in accord in 
showing the identity of hsemolyticpropett es of the Glebes and El Tor strains and their 
difference in this respect from the true cbole genic vibrios 

Coyle (1939) thought that the baereolyuns were true esotoxins since thev were 
thetmolabile antigenic and filterable 

Cultural Vaiubility-^Cie t v rutons 10 the ch raclenstics of the colonies in 
morphology motility and biochemical activicy in different strains of V cheltrat have 
been reported In 1913 S to od T«kaka desenbed > different strains of cholera 
vibrios distinguishable by the behavior of the agglutination test They named these 
types the Inland and Toimosa types A short time afterwards Kahtshiaa classified 
a Urge number of cholera vibn s into a types 1 the original type and t the vaned 
type hobecbl later confirmed KabesI ima a results but in addition he found t third 
type of vib lo wh ch he named the middle type This was agglutinated b> both the 
s rum of th original type and (he vaned type of kabeshima In medical literature 
today the ongmal ilraui l» known as the Inaba type the variant strain as the Ogawa 
type and Ih middle type rarely employed as the Kiroj ma type Shousha (1913) 
examined 1 strains of a cholera vibrio one a haemolyt c strain yi Ided 2 variants Sand 
R Th R variant was foind to agglutinate apontan ously in pbysological saline 
solution TI e 2 variants were found to diff r in cultural th racteristics agglutination 
with specific sera and compl meat fix tun One was more pathogenic than the other 
Caltenau (1926) d ssociated the c Ituresol sibnosuit ytypesofcolo es (i)arugose 
citcumvalent type with a central uoduk and th n tone a d thititned edge ^2) white 
ringed type composed of a dense center and a thin Qare bordenng aone and (3) an 
opaque round hemispherical type with a Kgular surface Th se colonies do net 
c actly c rrespond to the usual smooth rough transformations The 0 ganisms in the 
opaque col i les were non motile The moiphology of the vibrios in th varying types 
I colonics were not striki gly different 

During the growth of cultuns be d senbed coccoid b cilUry tong tp rolled and 
budding or branchi g forms The wnter has n vtr observed budding or branching 
f rms in any fresh vrulent euUuiea of the cholera organism However Biltenau 
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clearly demonstrated that cholera \ibnos do not lack the H or fiagella antigen aslleil 
and Felix had assumed The vtbno possesses only a single £agel]um and hence cain« 
only a small amount of flagella material Baliesau obtained the flagella m concentn 
tion and shoned that they n ere composed of the usual beat labile loose flocculating H 
antigen with specific properties bodies of the motile vibrios and the non motile 

forms contained the heat stable O group antigen Immune serum prepared sgamst 
organisms heated to too C for a hours contained only 0 agglutinms 

Serological Relationships — Recent studies especially those of Gardner and Vea 
katraman (1935) ba^e shown that the antigenic structure of I comma and related 
vibrios IS very complex The true cholera strains appear to constitute a relati ely 
homogenous group Thereare however numerous strajnsobtarnedfromvanousoiner 
sources which are culturally and biochemicaHy identical with 1 comma and possess 
the same II (flagella) antigen but which have diilerent 0 (somatic) antigens They 
are therefore agglutinated by ordinary anti cholera serum which contains both II aod 
0 agglutinins They think a diagnostic immune serum therefore should be prepared 
from an antigen from which the non specific If component has been removed ^ome 
of the El Tor vibrios have been found to possess the specific O antigen of the true 
cholera group while others are related to it only through the If antigen 

Topley and ^\j]son (1936) have for purposes of convenience classified the cholera 
and cholera like vibrios into 1 groups A and B Croup A comprises organisms most 
of which produce acid without gas in glucose maltose mannitol and sucrose but not 
in duUitol and which give the cholera red reaction All oigatusms of Group A po^ess 
a common If antigeu The mayor O aniigeas on the other band of which 6 W''* 
already been differentiated are much more specific and are used as a basis for I"' 
differentiation of Group A into aub groups The true cholera vibrios all appear to tw 
into aub group 1 which also contains most of the El Tor strains Sub greupili to vv 
coatam OTgaBisas referred to as psracbolera and cboleralile that have been i»IaM 
from cases of choleraic diarrhoea or from water Thus according to Gardner and \ 
katreman the true cholera vibrio is a non haemolytic organism contamiag the 
0 antigen of sub group I Except by baemolysin production it is indiitinguis^f 
from El Tor vibrios contamiag the same O antigen They have also desenbta 
non specific 0 antigen shared to a variable extent by all members of Group K 


\ibno 

^ 

Group A Cholera and cholera like vibnos Croup B Non-cholera like vibnos 
General biochemical similanCy Biochemically distinct from Group 

Common K antigen with less fermentative ability ii* * 

I exact knowledge of antigenic strut 


I 

O sub group I 


Non haemolytic Croats 
cells) 

Cholera vibrios 3 
types differentiated 
on minor 0 antigens 


Haemolytic (goats cells) 
El Tor vibnos At 
least 2 types differ 
entiated on minor O 
antigens 


0 sub groups II III IV V Vf 
and individual races hfos^v 
haemolytic Para cholera 

cholera like sad some ElTof 
vibrios 

[Types within subgroups un 
determined 1 


[original (Inaba) 
variant (Ogawa) 
and middle (HiLo 
jima)] 

Modified from Topley and Pitlton Pnnaples «} Bacteriology and Immuntiy 
tditian 1936 n m If ood 6* Co BiOltmore 
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This classification refers to tb^ antigduc structure of vibnos in the 
smooth state The cholera \ibno is readily dissociated and a number of 
variant strains have been produced b> sanous methods of cultivation 
Bruce White (1935) by exposing young smooth cultures to the r homologous 
activated antisera has transformed them to the lOugh state and has proposed another 
classification of the vibrios in the rough stale Host of the organisms were lysed by 
this treatment but amon„ the survivors there was a considerable proportion of the 
rough type and these were found to be stable on plating By the further treatment of 
such R colonies with activated anti R sera races des goated as p types were obtained 
and these in Inm showed greatly reduced aggbitvnabihty with the antv R sera The R 
strams were serologically more generab ed than tbe S strains in that seiobg cal d fier 
ences between the latter were found to have disapp ared 

Just as IS the case with the Salmon Ua group White found that the transformation 
of the smooth to tbe rough phase is accompanied by a loss of specitc O antigen and the 
unmashiog of the common rough antigen In consequence of th s many organisms 
that were ant geiucally diverse m tbe sm oth stale show a close similanty in the rough 
White his also descnbed the occurrence of alcohol soluble protein antigens which 
he refers to as Q ant gem There is some reason to belie e that these substances may 
play a part m the non specific O aggluti at on of boiled vibnones described by Gardner 
and \enl(atraman 

CUsstflcaboo —The cholera vibr o s re ddy dissociated and a number of variant 
strain have been produced by various methods of cultivation White (1936) latet 
demonstrated that the S (smooth) cholera vib 10 possesses 4 se okipcally ctive poly 
saccharide or nonptotein earbohydrate-containiBg receptors which be terms C C0 
C and Cl Of these C the detennioa t of smooth type specificity is lost in rough 
ening etposing tbe character stic rough polysaccbande On degred tion to the p 
form Cf disappears b t Cr and Cs— substances common in whole or in part to many 
V brios— remain On digestion of cholera vibroaw thpapa nuiaal htly acid medium 
C and Ct a e brought into solution Cp and Ci are not but may be liberated from the 
residue with alluli 

According to Lmton etal these changes which give nse to variants depend pnma 
rily upon a loss or cheimeal alteration of tbe specific carbohydrate In one rough 
varuQt they found that both p otem ard c rbohyd te const tuents were altered 
Linton and Mitra (1938) examined the strains of White to determine possible differ 
ences between the S and R homol gues with respect to chemical structure electro 
phoresis and metabobsm They found tbe cbeinical structure and metabolic activity 
closelyco related and changes m tbeir chemical structu e were accomparued by changes 
m met boUsm The s rolog cat change broogfat about by treatment with antiserum 
or by other ptoc sses follow changes in chemical structure met bol sm and surface 
potential After subjectmg tbe o gan sms to lectrophorts s the shift m the surface 
potential was regarded as the cause of serological distinction of the R derivatives from 
their S homologu i and to partly account lor the uniformity of serological behavior 
of the rough v b 0 strams m general 

From an extended study of the chemical composition of the vibnos 
Linton (1938) has been able to classify them into 6 groups which cor 
respond with their origin biochemical activities and metabolism Metab 
ohsm was found highest in Group I (vibnos from clinical cholera) 
somewhat less active in Groups H and V (from cholera cases or earners) 
and Group VI cases from earners It was least activ e in the water vibrios 
of Croup III Group IV which con tain ed vibnos from El Tor and from 
India was characterued bj a rate of respiiaUoa equal to that of Group I 
and by the absence of aerobic glycolysis 

It was found that tough st ainj had a lower met bobsm than smooth strams mag 
glutmable strams than igglutmable sto us The El Tor strams could be easily dis 
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tmguished from vibrios from cases of cholera by chemical means but not by means of 0 
agglutination (Gardner and Vanlcatiaman) Nevertheless vibnos belonging to tlieir 
chemical Group II from cases of cholera were found to contain the same poIysacchandE 
as those of chemical Group Iff from water but the a were quite distinct m the agglutma 
tion test They found a chemically and serologically distinct types among the cholera 
strains The chief point of difference was that the strains from the early part of the 
epidemic contained a Lpoid polysaccharide complex which was absent m strains obtained 
from the latter part of the epidemic m straus mamUined for a long time in the labors 
tory and in water and carrier strains 

Linton Seal and Mitra (1939) have studied the phenomena of bactenil variation 
by means of single cell culture In this way they succeeded m obtaining a new strain 
with different biochemical cultural and serological characteristics and a different 
chemical structure from those which charactcrued the culture from which the onginal 
single cell was taken The new stiain was still however vvithm the protein and poly 
saccharide frame work of the original and the capacity for transformation was therefore 
limited 

On the basis of further single cell eapenments Lmton found that the assocution 
of metabolic activity with chemical groups appeared to be reasonably constant and that 
It corresponded with changes of chemical structure in the course of variation He 
suggests that an organism possessed of a common protein and polysacchande 
transformed into one having a protein and polysaccharide of entirely different type 
The resulting organisms are given the rank of strains or variants and it is pointed out 
that the ongmat strain becomes s strains each having distinct chemical structure st 
the same time the serological biochemical and metabolic cbaractensUcs of the 
differ from those of the onginal and resemble those of the new group into which the 
vanant now falls 

The metabolic technique has been applied to over 300 vibno strains The groupmp 
are classified as (0 Chemical groups I and VI from cholera cases and contacM with 
protein I of a higher metabolism (») Chemical groups IV and V from earners bothu 
India and £1 Tor with Protein II an intermediate metabolism (3) Chemical group u 
from water vibrios with protein If a low metabolism and a different polysacehanoe 
from Groups IV and V 

If It can be shown (hat sanations such as these can occur not only 
m the laborator> but also m nature m the field an answer may perhaps 
be found to the question whether cholera cases arise only from previous 
cases and from contacts with such cases or whether the chronic earners of 
Groups IV and V can sometimes spread epidemics 

It has been reported that, experimentally vanant types may be 
produced also by the action of vanous types of bacteriophage These 
changes are ascribed by Monson 1935 to alterations of the bactenal 
protein by hydrolysis For a complete discussion of the chemistry and 
serology of the vibrios the reader is referred to the article of Linton 
(Bacteriological Reviews Dec 1940) 

Pathogemcity — Feeding or su^utaneous injection of the cholera 
vibrio does not usually cause infection in adult animals Koch however 
sometimes produced infection m guinea pigs by introduang the orgamsms 
together with alkali into the stomach and giving them opiates to inhibit 
intestinal peristalsis 

Intrapentoneal injection of virulent cultures into guinea pigs g‘vc 
rise to a fatal peritonitis However, when the orgamsms are injecte 
into an immunized guinea pig or when a small amount of cholera immune 
serum is simultaneously injected, bactenolysis takes place and the anima 



recovers Rabbits usually succumb from the intravenous injection of 
virulent cultures m doses of 2-4 mg but not of r mg (one half loop) 

There have been a few mstaeees where cholera has been caused m laboratory workers 
by the accideatal ingestion of cholera cultor s thus Orgel was infected from sucking 
up peritoneal fluid in doing PteiBer tests (or bacteriolysis and died In connection with 
other epidemiological studies regarding the disease and doubting the pathog nicity of 
I )6ri« tholtrae Enunench and Pettenkoler swallowed cholera cultures the former 
etpenencmg a severe attack ot cboleta and tie latter a diarrhoea in which cholera 
spinlla were present Ontb otherhand similar eipenments have resulted negatively 
but this might be expected as we know that individuals vary greatly in tbeir sus 
ccptibihty to infection In some the organism is destroyed by the gastric juice and 
others may become cholera camera without developing detectable syroptomi of tb 
disease 

The virulence of the cholera vibrio can be exalted by a series of intra 
peritoneal inoculations in guinea pigs — especially bv direct passage of the 
peritoneal exudate from one animal to another through a senes before 
culture upon agar Such a fixed virus the virulence of which cannot be 
exalted should be employed in the preparation of a vaccine since the 
writer (1904) showed condusively that the tromutuzing power of a strain 
of > tholerat ts in proportion to its virulence 

Agglubnation Test —By the intravenous inoculation of animals (rab 
bits or horses) of cholera cultures there may be produced immune sera 
which, are remarkable tor then high agglutinating power the tiler at 
times going as high as t 30000 In performing agglutination tests for 
the identification of vibnos isolated from the stools m the diagnosi of 
cholera one should u e a serum of a titer ot at least i 4000 for its specific 
vibrio Such a serum should agglutinate any true cholera vibno m a 
t joo ot X tooo dilution 

Pfeiffers Phenomenoo.— The employment of the bacteriolytic test 
in viiu IS also of great value m identifying the Vibrio choltrae In per 
forming this test a loopful of the suspected agar culture is suspended in 
1 cc of normal saline or peptone solution aod i cc of a 1 1000 dilution 
of the cholera immune serum is mixed with it and the mixture introduced 
into the peritoneal cavity of a guinea pig Upon removing with a glass 
capiUaiy pipette a drop of the peritoneal fluid r; to 30 minutes after 
ward there is noted in the case o! V (hohrat an absence of molihty and 
disintegration of the vibnos {PJnfer t pJiienomenon) This reaction may 
also be demonstrated (iii sMro) m a pipette if fresh immune serum is 
employed which contains complement Complement fixation tests using 
the nee water stools or peptone solution ciUtures as antigen are of less 
value than the testa mentioned The agglutination test is often the 
most practical for obtaining a specific diagnosis but m some instances it 
IS necessary to employ PfeiBer s reaction 

Piteons are ilinost lasuKqjCibie to loocutalions of the true cholera vibno but are 
r »d ly infected by a closely aUied apecies V welcfcaikov which »» not pathogenic for 
man though palhojtnie lor guinea pip 

'Resistance — The vibno ol cbolen has but htUe resistance to disinfecting ag nts 
ot to drying It is also rap d!y o erpmn by putrefactive baetena and tends to d s 
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appear from sew ase-conUmuiated water washort time Ja vtaltr liken itomiiStrent 

rivers it has been found to live from i to 2 weeks and in the water of a spring for 30 
dajs Shortt (1939) Director of the King Institute Madras found that V cholerae 
would survive in wate^ with z per cent sodium cMoride for 54 days and in 3 per cent 
sodium chloride for 74 days He found that the composition of most waters are not 
suitable for prolonged survival of the organism In stools it often dies m about 1 or 
2 days in summer and in about a week in wmter 

Cholera Toxin — The absence of \ tbrw cholerae in the internal organs 
of fatal cases in which there ha\e been severe general symptoms of the 
disease during life, points to the production of a powerful toxin produced 
in the intestines and absorbed by the patient This toxin is apparent!) 
an endotoxin which is set free when the vibrios undergo disintegration 
especially when lying upon the epithelium of Lieberklihns glands 


Formerly there was some difference of opuuon in regard to the exact nature of 
the cholera toxin and as to whether the organism gave rise to a true soluble toxin 
similar to that for example of the diphtheria bacillus 

The writer found that if 18 hour agar cultures of the cholera organism are suspended 
in sterile normal saline solution filtered through a porcelain candle and the filtrate 
injected into guinea pigs m varying amounts the filtrate possessed veiy little lose 
power On the other hand if Che precipitate remaining on the filter is suspended and 
injected even though the organisms are killed before injection the guinea pig dies with 
all the symptoms of cholera lotoxtcation Hence it seems clear that the toxin is present 
within the bacteria If other agar cultures of the organism are suspended in saline 
and the bacteria carefully killed by beating lor a brie/ period and the bacterial suspen 
sions preserved for 2 or 3 days autotysis occurs aided by the ferments the orgsnun 
contains If such suspensions are now filtered through porcelain the filtrate obtained 
from these killed and digested organisms when injected into animals shows marked 
tone properties On the other hand the filtrates of very >oung bouillon cultures of 
the cholera orgaiusm are also not toxic tor animals and only in filtrates of those cultures 
m which there are found numbers of dead bacteria which through autotysis have begun 
to disintegrate is a toxic action observed The filtrates of old bouillon cultures ire 
much more toxic Obviously all of this evidence is m favor of the view that the cholera 
toxin is a constituent of the bacteria or an endotoxin and becomes free only through 
the disintegration of the cholera vibnos 

In earlier years MelchnikoS Roux and Salunbeni (1896) succeeded in producin 
death m guinea pigs by introduction info their peritoneal cavities of cholera cultures 
enclosed in collodion sacs Banerjee (1942) has again carried out experiments which 
confirm these facts Brau and Denier and Kraus also thought that a soluble toxin 
was produced m alkaline broth cultures of the cholera spirillum No one however 
has demonstrated the presence of a true soluble toxin As pointed out the cholera 
vibrio possesses its own ferments which are capable of digesting the organisms either 
in collodion capsules or in alkaline broth cultures autoljsis occurs and the tovn is 
set free Experiments in immunization also support this view and it has not been 
found possible by injection of the toxin into ammals to produce an antitoxic serum 
similai to a diphtheritic serum 'Khveh follows Ehrlich s law of multiples Erpenments 
earned out by the Scientific Advisory Board of India (19J9) are largely confirmatory 


of these facts ^ 

Immunizmg Properties of Cholera Immune Sera — Although it has not been possioie 
to secure a serum with high antitoxic power against the cholera endotoxin anti endo 
toxic sera have been prepared and their achon extensively studied Metchmkoff Roux 

and SaUmbeni of the Pasteur Institute Pans after repeated injections of the tozio 
into horses and goats found that the serum of these animals would neutralize and 
nrotect guinea pigs in amounts of 3 cc against one and one half times the lethal dose 
of tosine Brau and Denier of the Pasteur Institute of Saigon immunized guinea 
Dies and rabbits against the toxin so that they resisted the injections of 
lethal doses A horse was repeatedly inoculated intravenously durmg 6 months witn 
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500 rc of the toxin From this anuial * senna was obtained of which o oj ec n ulral 
laed a nominal lethal doses of the choten tonn sfter a contact of 30 minutes in vtlr" 
pilot to Its in] ciion into a guinea p g 

MacFadyan inLondon groondthecholeravibnos at the temperature of liquid an 
so as to preclude the possibility ol ehenucal change the organisms then heiag placed 
in 10 times their weight of o t pet Cent lupiot potassu Toxic extracts were obtained 
Irani the most virulent cultures whicli kdlH guusea pigs in doses of 0 1 to o S cc intia 
pentoneally and rabbits in the same doses latravenously Goats were nnmuniied with 
incrca mg dosesof the endotoxin andaserumwasobtiined of whi hoooacc protected 
guinea pigs again 1 3-4 lethal doses of the endototus 

Kraus prepared a serum for the treatment of c> olera by injecting intravenously a 
horse with cholera toxin at weekly intervals during a period of 10 months until nearly 
a liter ol to in bad been inoculated He repotted tb t with this serum he was able to 
save mice which had received onehoui before a lethal dose of the toxin or been infected 
with the cholera spirillum He found that ui guinea pigs if the injection of the serum 
was delayed fit one half hour after the iDjeetion «( the toxin even large quantities 
of the antitoxin would not save the an mal Through the intravenous application of 
large doses 0! the serum g imea pigs could occasmnaUy be sav d after one half hour 
but after one hour it was of no valu 

The writer in Maml* pt par 4 an airtt rndotoxic serum bv repeated inoculaticni 
ol rabbits intraveDousty with an e tract of the cholera vibrio Agar cultures of (be 
organisms were suspended in peptone solutran an i killed 1 y a brief exposure to a 
temperature ol jS C They were then allosied to digest at 37 C for gS bouts and th 
suspens ons finally filtered through a Ccrketeld candle By the moeuUtiOD of such 
extracts s^ra were obtained of which o a cc would neutral xe 10 guinea pigs 4 lethal 
doses of tos n when mi ed immediately before inoculation 

it should be not d that n none ol these anu-endotoxine sera produced by experienced 
mvestigateis in diffe ent parts of the woild has the antitoxic power been sificient to 
neutral xe in guinea p gs mote than 4 ktbal doses of the toxin In the writer s expert 
ence il a larger amount ol the tous was injected tbs animal succumbed even though 
much larger quantities of the anuendotoxic serum was given It is aUo important to 
empba ise that when cholera immune sera ate prepared by repeated inoculations of an 
animal as a rabbit with killed or living agar cultures of the cholera organism the 
properties which such a serum exerts in its protection ol a susceptible animal as a 
guinea pig ate. ouvnly hacteticvial fox t ample vl a guinea pi? vs inoculated intta 
pentoneally with s mg ( platin im loop) of a virulent cholera culture (o! which the 
lethal dose i 03 mg ) and at the same lime or a htUe later the anii^ u moculated 
miraperitoneally with a small amount (o $ cc of a 1 too diluboii) of a cholera immune 
serum obtained as uidicated above the cholera vihnos ate quickly disintegrated and 
destroyed by the bacteriolytic action ol the serum and the ammal survives the infection 
If howe er the noc Utiin ol the serum is nrt made 1 ri r hours after the time 
of the infection with the liv ngvibno then e en though very large doses of the immuoe 
serum a e gi en the ammal w ill di of into wai on Tor m this in tance ven though 
the greit majority of the vibrios may be disintegrated nd destroyed by tb hactencidal 
action of the serum the i bnos have al eady increased so n numbers that when they 
are lysed suIBci nt endotoxin is rlabor ted frotn Ih lacterul bod ts already present 
togelber with that which results from the few surviving otgini ms that the death of 
the animal results Also if one first kills (for example with cllorofotm) th same 
inilent cholera organism and Inoculates the guinea pig vnlrapcr t neally fi) with the 
lethal dose ol the killed otganism (about 8-lo mg) and (s) simultaneously with the 
immune serum although a un orioccursbetueen the bacterial anibocepton of the serum 
and the c rrespond ng rec ptors of the vtbrms (a fact which is clearly demonstrated bv 
expenment) nevertheless the animal will die lor the same reasons expressed above 
namely that a lethal d se of cholera endotoxin in the bodies of the dead organisms 
becomes liberated by their di integration without there being sufficient antitoxin m 
tf e serum to neutratire the action of this endotoxin 

From a study of the action of acholera immune serum m the treatment ol the infec 
I on in guinea pi0 we can perhaps realise why the setutn twatment of cholera iti man 
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appear from s<wage<onUDunaled naterin* short time In water Uken from diSerent 
nvers it has been found to Ine from i to a weeks and m the water of a spnngfor io 
days Shortt (rpjp) Director of the King Institute Jfadras found that I ci lerii 
would survive in watef with t per cent so^um chloride for Si d4>3 and in 3 percent 
sodium chloride for 74 days Ife found that the composition of most waters are not 
suitable for prolonged survival of the orgamsm In stools it often dies m about i or 
a days in summer and in about a week in winter 


Cholera Toxto — ^The ab^nce of V'tbno cholerce in the internal orpri 
of fatal cases, m ivhich there ha\c been severe general symptoms of the 
disease during life, points to the production of a powerful toxin produced 
in the intestines and absorbed b> the patient This toxin is appater V 
an endotoxin which is set free when the vibrios undergo dismtepatiow 
espeaally when lying upon the epithelium of Lieberkuhns glands 


Fornteiljr there waa some differooce of opinion in regard to the exact nature ol 
the cholera toxin, and as to whether the organism gave rise to a (rue soluble toain 
similar to that for example of the diphthem baciUus 

The writer found that if hour agar cultures of (he cholera organism aresuspendd 
ID sterile normal saline solution filtered through a porcelain candle and the hltratt 
injected into guinea pigs in varying amounts the filtrate possesied very little toxic 
power On the other hand if the precipitate remaining on the filter is suspended tad 
injected even though the orianjama are killed before injection ihegwneapigd 
all the symptom! of cholera intoxication Hence it seems clear that the totin is present 
within the bacteria If other agar cultures of the organism are suspended id saufit 
and the bactena carefully killed by beouogfor abrief period and the bacterial (u^iea 
stons preserved for a or g days autolysu occurs aided by the ferments the orgsmsn 
eoatswr If such suspensions are now Slletfd tht<3uz>) porcthta the filtrate ebtaiow 
from these killed acid digested organisms when iiiKCted into animals shows aarkM 
toxic properties On the other band the filtrates of very young bouillon cultures ol 
the cholera organism are also not toxic lor animals and only id filtrates ol those cuUutes 
la which there are found numbers of dead ba (ena which through autolysis have began 
to disiattgratt is a toxic action observed The filtrates of old hounfon csllures am 
much more toxic Obvimsly atlof this evidence is in favor of the view that the cholera 
toxin IS a constituent of the bacteria or an endotoxin and becomes free only through 
the disintegration of the cholera vibrios 

la earlier years hlelchnikoff Roux and Salimben: (i8p6) succeeded in produciiiS 
death la gaiaes pigs hy latroduction into their peritoneal cavtijes of cholera cultuKS 
enclosed in collodion sacs Banerjee (loar) has again earned out experiments wlwch 
confirm these facts Brau and Pemer and Kraus also thought that a soluble toxin 
was produced in alkaline broth cultures of the cholera spirillum ISo one however 
has demonstrated the presence of a true soluble totio As pointed out the ct er* 
vibrio possesses its own leraeats which are capable of digesting the organisms either 
la coUodwn capsules or in alkaline broth cultures autolysis occurs and the toxin is 
set free Eipenmenfs in immunizatioa also support this view and it has not been 
found pos»ibl by injection of the toxm into amiitals to produce an antitoxic seu^ 
similar t> a diphthentic serum which follows Ehrhcb s law ot multiples Expenceo^ 
earned out by the Scientific Advisory Board of India (ipjp? are largely conf rmatory 


of these facts , , 

Immuaixing Properties of Cholera Isuniffle Se« — Although it has rot been pos lu'^ 
to secure a serum with high antitoxic power against the cholera endotoxin anii end'’' 
toxK sera have been prepared and their action extensively studied Metchnikoo Rea* 
and Sahmbeni of the Pasteur Jostitute Pam after repealed injections of the toxm 
into horses and goats found that the senim of these animals would 
orotect guinea pigs in amounts of 3 cc against one and one half limes the lethal oort 
of loime Brav. sod Denier of (be l^tenr Institute of Saigon immuniied guine 
mss and rabbits against tlv toxm m that they resisted the injections of 
lethal doses A horse was repeatedly inoculated intravenously during 6 months *i 
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ot spte»d and tliat itliad t>een JoundpoasiUe tofareea« tpidenucs on suet dala Tti» 
does not bold true boweser for all parts «( India Lai (1939) points out tl itRogers 
critical level of absolute buoudity bas not been supported by bis studies earned out for 
Calcutta Laboie and several other distnrts m the Lwted Provinces and the Punjab 
IligU relative I utmd ty and high temperatures aecoinpanied by intermittent rains have 
Ireguently been found to promote the most favoiabi atmosphere (ot the development 
of outbieabs of the d sease not only m parts of Indu but in Cl ma and the Philippine 
Islands The Eastern Bureau of tbe Leagne of Nations health office has recently 




emphasiaed this fact However Lai (1930) at Calcutta abo h s in estimated 4 mete 
tiological factors {namely temperatu e ranfall relative humidity and numbei of tauiy 
days) over a number of years states that in 4 out of s homogenous districts tbe inci 
dence of cholera was independent of the mcteiMlogical factors In the case of the 5th 
d strict there was a positive correlatioii nitfi temperature only 

In lower Bengal and Calcutta where cholera is present through the year there has 
beenieportedadehnitemaiiiiialusjdcDccintlediy hotmonlhsof March-June when 
Ih water supply is most defiaent and evidently most contaminated and there is a 
miiumal uic dence in the tamy season when the water It el is high and water supplies 
art thoroughly flushed out Sometimea in eerlaio regions on tbe Ganges when epi 
dem c outbreaks have occurred at uniunal leatons the outheeah has been found to 
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IS not more effective Also in man the small latestme offers a more favorable loatwo 
for the development and multiplication of the cholera vibrios and one where the senna 
has not the same opportunities lor coming into actual contact with the developiag 
organisms and exerting its bactericidal properties to the same ettent as it can in the 
abdominal cavity of the guinea pig even though the serum may be given m greater 
quantities to man and be excreted in larger amounts from tbe intestine And in fact 
it has been shown that m cases of cholera with symptoms of marked intoxication the 
use of these bactencidal sera has not produced any apparent beneficial effect 

It seems probable that in the human body during an attack of cholera anti endotoxin 
is produced more slowly and in less amoont than bactericidal substances and as we 
have not been able to produce a satisfactory anti toxic serum hence treatment should 
be particularly directed towards conserving as far as possible the normal processes of 
tbe body to withstand the shock of a large amount of endotozm absorbed within a 
relatively short period of time Later the cholera vibrios become greatly dimimslRd 
in number in the intestine and recovery is likely to occur unless the absorption of endo 
toxin has already given rise to the production of pathological processei or lesions of a 
fatal character 


Epidemiology — Formerly our attention, as to the methods of trans 
mission of cholera was directed almost ejtclnsixelj to the water and food 
supply , with a certain degree of consideration of danger from fomites, 
especially to that connected with clothing soiled by cholera discharges it 
having been noted that those who wash such clothing showed a high 
incidence of infection Later on the importance of flies m the spread of 
the disease was strongly insisted upon However a study of the history 
of the various epidemics of cholera shows that when infection extends lor 
greater distances it follows tbe common routes of human mtercominunica 
tion and is con\ e> cd particularly by man who carries the infecting organ 
ism within him At the present time it is regarded that cholera is most 
commonly conveyed by cholera carriers or by individuals in the incuba 
tion period of the disease or more or less sick with it and it is to the 
detection and isolation of such persons and cases of cholera that we now 
chiefly direct our attention in keeping a country free of this dread disease 

Formerly Pettenkofer and Emmencb insisted upon the neteHity for certain factors 
of soil and ground water in the spread of cholera Emmerich later admitted that the 
spirilla excreted by carriers can produce cholera but that such transference 
gives origin to epidenucs For this to take place he thought that tbe vibrios **‘^**it 
by a earner must come in contact with a soil which has been impregnated with a suitab e 
medium drawn to the surface from the deeper layers of the sod by capillary suctwu 
In such a medium the vibrios ffourufa and acquire the property of actively producing 
nitrites from nitrates 

Emmerich considered that the symptoms of tJiolera are those of nitrite poisoning 
so that only sach organisms as possess this attnte forming lunctiOD in high degree can 
produce virulent outbreaks of cholera This view is regarded today as quite unb ey 
as an explanation of tbe pathology of the disease 

Seasonal influences may be of considerable importance in the epi 
demiology of cholera in regions where the disease is endemic or has more 
or less temporarily established itself 


Ropers compared outbreaks in various parts of India over a period of 4 S 
He found that all but one of 41 ^emics had been preceded by faUure of the rai 
also that an unusually early rise of tbe absolute humidity favored early recrudesceu 
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June IS hot and the humidity is high In July and August it is also hot 
but m addition dry In Septem^r it » hot damp and suhry After 
this It becomes cooler In 1938 the development of an important epidemic 
was favored jn spite of the preventive measures b> military operations 
andthepresenceinShanghaiofalargcnumberofrefugees However the 
disease had declined rapidly b> October 

Robertson and PolbtMr btheve that th y have found considerable evidence 

to support the view that the valley ®f the \uaii tuvet (which flows into the h aogtte 

through the Tung ting Laliel IS an endemic focus of cholera la 19}] dunngthesum 
nietlollowinglhegteatfloodof theYangUe awide spreadepidemwofchol rainvol lug 
mo I provinces of China toolc place Also they believe there is little doubt that the 



PiO 111 a onsl fluctu U n n h Icia mo h d ty at Sh ngh during r nt 
t> d m years (we Vly figur s) (Ep deio 1 g cal Intell gen e S me f tb Le gue 
f Naiio s ) 

wid spread cboleia epidem c Occumng ui the summer and autumn of 193S Grst n 
llun n and later in ad] cent provinces waslareelyttace ble to the \uaa River Valley 
CoQtaminat on of the nver water occurs through the crew s of junhi who deposit faeces 
a the nver as well ashy the tr«B porut anof nght sod in barges for the useof fertiha 
ing the fields. 1 cfiole was isolated from tie n er Th y bel eve that cholera 
has been carr ed to Shanghai each year Iroiu an endemic focus n the mid \ angtze 
basin probably in the neighborhood of Changteh They point out that infection in 
Shanghai has been absent in the penods s paiafiog epidemics and t&aC the s ries of 
nvestigations for earners gave constantly negative results 

Bactenpphage — D HereUe has emphasized the importance of bacteno 
phage in an epidemic of cholera He and Malone reported onl> 3 deaths 
in 41 cases treated with bacteriophage while of 107 cases not so treated 
6S died Note is made of a village out breab which was slopped by the 
addition of 30 cc of bacteriophage to the wells It is stated that recov crj 
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follow sudden and heavy falls of ram Tbeepidenuc m Central Chma m 193 j folloffed 
the great flood of the Yangtze River 

The League of Nations, in a more reuent study of the epidemiolog) of 
cholera, CTplamed the considerable difference:) in the seasonal trend of the 
disease m the various provinces of India m part by the sanations m 
climate in the \olunae and flow of the nvers, and m the crops They 
found that as a general rule cholera incidence rises jvith the temperature 
and rainfall The peak madence therefore corresponded to summer 
and monsoon rains m Bihar, Onssa the United and Central Provmces and 
Bombay Presidcnce The Ganges delta (Bengal) and Madras Presidency 
were found to be exceptions (o this rule 



The accompanying maps for the yeare 1935-1939 show how wide 
the seasonal fluctuations in cholera incidence may be and how important 
the changes m its geographical distribution in India are Nearly 94 °°° 
cases of cholera were reported in 1938 in the Central Provinces with a 
population of about 16 ooocioo as a result of the epidemic that began in 
April 1938 

In China, cholera usuallv increases ui the endemic area of the south 
coast in spnng and spreads in summer to Shanghai and the lower Yangtze 
valley However in 1938 as a result of the war and movements of 
troops and refugees the increase occurred earlier in the year and the 
disease spread more than usual to inland places Also the decline m 
incidence was slower than usual As has been pointed out cholera 
usually appears at Shanghai at the begmmng of summer and m epidemic 
form there every . or 3 years It rarely begins before july bcirg well 
estabbshed in August and reaching its peak in August or September 
dying down in October and disappearing by November The cbmate w 



the water as taken from the nver contained the sewage of Hamburg 
yet there were onI> 328 deaths or 2 i pet thousand as against 13 4 per 
thousand for Hamburg There were many interesting points in con 
nection with the exemption of certain places m Hamburg of which may 
be noted the instance of the entire freedom from cholera of a group of 
houses (Hamburg Hof) with 34s occupants This was the only section 
of Hamburg which was supplied with Altona water As Hamburg and 
Altona were only separated by the width of a street and hence practically 
formed a single city the factor of food and contact transmission could 
easil> explain the cases in Altona 

To illustrate the second type of water tnnsnussuin w e may refer to the well known 
incident of the Broad Street pump This was about the first definitely proven connec 
tion between water and cholera In 1854 it was noted that cholera was about >0 times 
as prevalent in Golden Square as in other adjacent parts of London Vanous factors 
such as previous droughts stagnation of lower strata of the atmosphere sewerage 
defects end suhvnl drain ge were found to be the sane u Golden Square as elsewhere 
It was noted th t the number of cases increased in the neighborhood of the Broad 
Street well A large number of cases developed aetoog the employees of a cartridge 
factory where this well water was used while among the employees of an adjoining 
brewery which had a well of its ownand served out beer to its employees notasmgle 
ease developed Very str king was the ease of a lady bvisg in Hampstead a section of 
London wbeh was then free from cholera Tbia bdy bad acquired a liking for the 
water of the Broad Street well and bad bottles of it brought out to her regularly She 
drank tome of the water on the jist of August wasseuedwith cholera the ne tevening 
and d ed the following day 4 niece who also drank the water likewise died of cholera 
while a ser ant contracting the disease recovered 

Macnamara has noted the circumstance of a vessel of water which became contam 
mated with cholera stools but which at the time it was drunk by tq persons did not 
show anything suspicious in odor color or taste One person was stricken one day 
afterward a on the third day and a others came down with cholera on the fourth day 
It will be noted that only 5 of the 9 were attacked A similar tack of susceptibility 
of a ce tain proportion of people equally etposed has been noted m all cholera outbreaks 
It IS possible that of those of the 19 wbo did not contract cholera there were developed 
a certain number of cbole a carriers 

Ram often spreads the infeclion from cesspools into the water supply 
and into surface wellsinruraldistnctsin the tropics Also the individual 
water suppl) may become infected through water carts or through water 
barrels In the Phihppines or in India the wcUs not infrequently became 
infected la the Philippines they were disinfected by chlorinalion or 
other artesian wells were bored 

In count les which he adjacent to endenuc centers of lolection the dise^e also may 
spre d considerable distances by an inf cted water supply Thus in India the infection 
has been earned by the River Cauvery for approeiinately i3 m les to the hladras 
F esidency The infection was also said to be earned from Lake Fife (the source of the 
water supply) which became infected through water p prs for a distance of at least 
1 miles And in Slesopotaniia cboler infectioa has apparently tcavelled to g dis 
I nces d wn the Tigris Ri er Robeftson and PoUit r have also pointed out that in 
the cholera ep demic m Central China u> 1938 the infection was transmitted especially 
by the Yuan River and that the nver water cuntamuiated with cholera vibnos formed 
the most important velucle of infection 

Food TransmissiotL — Cholera infection is acquired by way of the mouth and ali 

mentary canal especially through drinking water and by ingestion of food and some 
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or death is intimately associated with the presence of bacteriophage or the 
lack of It and that it is the appearance of bacteriophage which destroys 
the cholera organism and thus cuts short an epidemic 

Asheshov added miTtures of 3 bactenophagn to the water of wells m the villages 
and towns in one district m Sihar and reported there was a marked drop m the incidence 
of cholera However this was not confirmed by Russell although Mornson has also 
claimed good results tn Assam by adding phage to water supplies 


Water Transmission — There are 2 types of outbreaks of cholera 
according as the general water supply is contaminated or when such 
contamination is localized to certain well? cisterns or other nongeneral 
supplies In the former the onset is esplosivc and cases occur almost 
simultaneously and with equal distribution in all parts of the city to 
disappear with almost equal suddenness In the latter mode of infection 
cases will appear from day to day and often peculiarly localized to cerlaiu 
definite districts of a city or to certain definite users of a particular water 
supply 

As an example of the first type of outbreak the Hamburg epidemic 
of 189a IS most instructive During a period of only about 2 months 
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POPUUTION 600000 
CHOLERA CASES 17000 
Deaths 06OO 


ALTONA 

WATER FILTERED 
HAMBURG 

■ WATER UHFILTERED 

Fig 15s — An nstructive eontrasi between Alton* and Hamburg before the Utter 
filtered its water having 1 arnt tts les on from a sharp outbr ale of cholera (After 
G E Armstrong ) 


cholera attacked about 17000 persons causing 8605 deaths m a city 
with a population of 600000 This outbreak was attributed to the 
washing of clothes in the water of the Elbe River by Russian immigrants 
These immigrants had come from cholera infected districts and among 
them it has been said there undoubtedly were cholera carriers However 
it has also been suggested that it is much more likely that the w ater supply 
was contaminated by the direct inoculation of it with bacteriological 
cultures of the cholera vibrio by some laboratory worker in Hamburg A 
number of German bacteriologists were especially studying the disease at 


that time 

The water supply of Hamburg was taken directly from the nver 
The adjoining city of Altona with a population of X40 000 was further 
down the nver but filtered its water by a slow sand process Although 


the toniumption put cuUiiyofrawtaoayfe&andtwifcdofbtoi/eciiaiihutornjactere} 
Such cases were largely confined W the costal cities and villages 

rra«s*ntJjwn hy carruri ot by uidivtdutU m the incubation period or 
more or less sick with the disea e or convalescent from it are now gen 
craUy recognued as one of the most important factors in the spread of 
cholera The individual who is excreting vibnos while in apparent 
health is sometimes far more dangerous than the one esctetmg such 
organisms in the nee water stools of a well rccognired case of the disease 
as he may go about undetected Dunbar was the first to draw attention 
to the presence of virulent cholera spinlla in the faeces ot apparently 
healthy persons during the Hamburg epidemic of tSpi 

Since that time these observations have been generally connrmed 
In some instances as many as ao per cent of those who have been in 
immediate contact with a cholera patient have become earners -ome 
showing symptoms of cholera but a larger proportion excreting cholera 
spirilla while continuing in health While cholera prevailed m Manila 
Miaughlm reported from 6 to 7 per cent of vibno carriers among healthy 
persona living m the infected districts 

Foltevin i«p«it<d tlui of ij 00 pilsrims examined t 7 per tbouun I carried cholera 
vibnos Threari rsvcereesp«uliy<oiiiiDonaiiK>n;tbedys<nteticpatie&ts Dunat 
tbe N spies epideaue of 71 it repotted that on (he averase le per centof be Ithy 
people in contact witb cholera cases became carnets It n s esticosted that 99 pet 
cent of the cases in this ep demic were lolected by siek or healthy cemers 

Sergeaet rep rted the case of a lealtby earner wbo continued to excrete dole a 
vbriQs lot s montis aad during Ibis time was n contact will S persons 7 of wbom 
became infected and a died InManila itwasfouodtbatanumbrr I children reported 
as dying of mening tis ot infantile beriberi were cbolen cases 

He vibrios are rarely excreted in tbe faeces of the cholera patients longer than 
7 to 10 days exceptionally (or 14 days though they frequentl} disappear in 3 or e days 
With healthy cholera carnets the period of the continuance of vibno excretion la 
e9uaUy short but cases have been t ported wheK p nods of from 3 weeks to a months 
have been soird It >s u uaUy stated ibat 97 pec cent of earners become vibno free 
mthin a month 

Greig has found vniection of the bife of the gall bladder or ducts in 
80 caves m 371 cholera autopsies When bving organisms are injected 
into the ear vein of a rabbit they sometimes pass into the bile An 
examination of the epithelial layers of Ihe gallbladder of such a rabbit 
may show destruction of the ceils and the presence of vibrios m the under 
lying tissues While cholera organisms are soon crowded out by intes 
linai bacteria thus explaining the rfioit period during which cholera 
vibnos arc excreted by convalescents this may not be true when the 
cholera vibrio gets into the bile ducts or gall bladder Greig found one 
cholera convalescent excreting cholera vibnos 44 days alter tbe attack 
Of J7 penons who bad been in contact with cholera patients 6 were 
excreuny cholera vibnos although apparently well A very important 
matter is that persons who /ail to show cholera vibnos may begin to 
excrete vibnos after the admmistratioa of a purgative or following some 
intesunal disorder In fact tt baa been reported that purgatives may 
set up an attack of cholera m a cholera earner 
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tjmes by contamjaatioa of the hands with lalecud maferial Food contamiflated 6y 
dejecta from cholera patients or earners is dangerous m proportion to its condition of 
moisture Drying and the development of inimical organisms may be important 
factors in destroying the cholera vibno Temperature and sunshine are operative in 
assisting the drying process 

During an epidemic uncooked fruits vegetables and salads may 
become infected 

Lettuce and celery are particularly dangerous because of the favorable condition of 
moisture in their folds and imbrications Furthermore these vegetables are eaten 
uncooked and may have been fertilized with nigbt sod (human excrement) which 
material if containing cholera dejecta would infect the plants Mdk is an excellent 
culture medium for cholera vibrios but upon becoming acid may sterilize itself of these 
vibrios In sterilized milk however the cholera vibno maylive forextendedpenod is 
long as 6o days and even when such milL is contaminated by faecal materia! contaimns 
other orgamsms besides the cholera vibno the vibnos live much longer than they do 
in raw milk 

hlilk IS bable to be contaminated by dies which have been in contact with cholera 
stools In cholera hospitals ice chests conUioing ice and food$tu 0 s have sometimes 
been infected by the hands of attendants aod nurses Infected clothing an<l the 
washing of such clothing from cholera patients in streams aod the subseguest drinking 
of the water has not infrequently given nse to the disease W ater that has been boiled 
and food that has been cooked should subsequently be scrupulously protected from 
files or other contaminating agents 

Flies may play an important part in spreading the infection mechsn 
icallj by settling on articles of food shortly after having been in contact 
with infected material espeaally the faeces of cholera cases Transmit 
Sion by flies in this iva^ seems to have been important in an outbreak in 
Shanghai m the fall of 1937 Soparkar (1939) reports that in his etpen 
ments the v ibnos ingested by flies are either rapidly excreted or destroj ed 
m the gut and there is apparently a vibnocidal action of extracts of the 
crop and intestine However he did isolate cholera vibrios from flies 
in a number of instances from 2-1-’ hours after the interval of feeding 
of the flies on infected material 


Pasneba (1939) found the vibnos he isolated from flies and cockroaches were 
inagglutmable by Inaba O serum On the other hand Taylor (1939) found a nunib« 
of strains isolated from cockroaches and water supplies all agglutinable with Inaba 0 
serum In any case one cannot disregard the mechanical transmission of the infection 
by flies Robertson and Polhtzer (1939) believe that flies played a considerabfo part 
in cholera transmission during the summer months in Central China They 
out that the end of the watermelon season m nud August was coincident with the 
decline in cholera The watermelon as such was quite inoeuous when the fruit was 
coasumed IreshJy cut The danger lies in the exposure of nit slices to flies and in the 
watering of these to keep them fresh with a filthy rag dipped in pointed water 

Uncooked shell fish may be peculiarly dangerous m cholera outbreaks In India 


sun dried fish which are frequently covered with flies during the curmg process ate a 
factor in the spread of cholera In Japan and Korea where severe epidemics not 
^frequently arise the Japanese consume food in an uncooked state perhaps more 
largely than any other people Raw fish is a favorite article of diet and the cholera 

vibrio IS capable of livmg in theinlestinesof fish taken from cholera infected water ana 

such fish are difficult to disinfect Even light broiling or boding may not destroy the 
cholera vibrio in them The epidenue in Japan in 192a apparently originated thiougn 



mailer Of particular importance is the fact that so many sick people 
make pilgrimages these being peculiarly liable to act as earners Excesses 
in eating often of badly prepared or decomposing food following periods 
of religious fasts predi pose the natives of India to cholera 

Lowered resistance as from disease or from gastnc disorder increases 
the susceptihihty to cholera Errors m diet and in particular the effects 
of alcoholic excesses markedly predispose to infection In India cholera 
often accounts for about i-a 5 deaths per 1000 of population in the differ 
ent provinces 


Pktwouogv 

It has been shown that the cholera vihno apparently does not produce 
a true soluble toxin the toxine being an endotoxine The organism 
rarely penetrates more deeply than lust under the epithelial layer of the 
glands of LieberkUhn During the stage of evacuation as a result of the 
outpouring of the fluid into the lumen of the gut a concentration of 
the blood pUstna occurs and there is an increase la the red cells (7 000 000 
per cu mm ) and a leucocytosis of from ti 000 to so 000 The speafic 
gravity of the blood is greatly raised 1075-1078 and the alkalinity 
diminished The blood pressure is markedly lowered 60 mm in very 
severe cases and 75 mm la less severe ones 

The lower portion of the small intestine appears to sufier particularly 
from the local action of the endotoxin of cholera Early and marked 
postmortem rigidity is a striking characteristic of the cholera cadatet 
Muscular contractions causing odd positions of the limbs have at times 
gis en a basi for the idea that the victim bad been buried alive Besides 
marked rigor mortis the emaciation leaden hue of skin and shrivelled 
hands ate noteworthy 

In opening up the body there is a striking dryness of all the structures 
The dry and dark red muscles stand out prominently The lungs are 
dry and shrunken The right heart may be full of a dark jelly like visad 
blood The leading changes ate found m the abdomen The omentum 
is dry sticky and shrivelled looking The intestines have a ground 
glass appearance with a lilac pint color of the small intestines which is 
in contrast with the normal color of tbe Urge intestines There is con 
gestion of the afiected intestinal mucosa and the lumen is filled with an 
alkaline material resembling nce-water If death has occurred late in the 
disease the contents of the bowel may have a rather brownish appearance 
and a foul odor When death occurs during the stage of reaction the 
stools arc moister and less congestion of the venous system is present 
Eevettheless in some instances the lungs may be congested and Qedemat 
ous There is usually a parenchymatous nephritis and on section the 
medullao portion of the kidney much congested Chatterjee (1941) has 
made a histological study of the kidneys m cholera Acute inflammatory 
changes were absent as a rule though acute congestion of tbe medulla 
and glomerular capillaries might be seen The changes observed in non 
uraemic kidneys were much less marked than in uraemic ones 
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The recogaiUoa of cholera earners has been made by the isolaUon of vibrios from 
the stools which agglutinate in proper dilutiODS with a known cholera immune serum 
However it must be borne in mind that there are a number of other vibnos whicb 
imitate 1 lirio cholerae precisely in staining and cultural characteristics Such vibnos 
are found m the intestinal tract of man and also as free living forms especially in nver 
and well waters However in a typical case of cholera usually the cholera vibno 
can be distinguished from such organisms by its serological reactions with a cholera 
immune serum (the agglutination test and Pfeiffer s phenomenon) 

Nevertheless in endeimc centers during interepidemic periods and m the early and 
late stages of cholera epidermcs nonagglutinable vibrios are frequently encountered 
in the stools of man There has been an old theory that under unexplained conditions 
nonagglutinable vibnos may develop pathogenicity and produce outbreaks of cholera 
Brahmachari in a senes of such examinations near Calcutta found only o 4 per cent 
with agglutinating vibnos while 13 7 per cent had non agglutinating vibnos m their 
stools dunng the months from June to November In November and December 
agglutinating vibnos were present in t3 7 per cent of stools He believes that non 
agglutinating vibrios are but agglutinating ones transformed by environment He 
found that a number of nonagglutinatmg strains after 6 months cultivation became 
agglutinable Tomb and Maitra (1927) have also considered that agglutinstiog 
vibnos are merely different phases of nonagglutinating ones However other bac 
tenologists feel that this has not been conclusively demonstrated 

In the investigations at the hf edical Research Institute at Shillong (1939) >t n as not 
found possible to transform agglutinable to nonagglutinable vibnos On the other 
hand it was noted that m certain undoubted cases of clinical cholera it seemed lopos 
sible to find agglutmable vibrios and that the presence or absence of phage for the 
infecting vibrios in nature did not appear to influence tbeir agglutmability 

Fasneha and his associates (1931) believe that there is some bactenopbagic and 
serological relationship between the cholera vibrio and the cholera like vibrio The} 
suggest that some of the nonagglutinating vibnos in man where cholera etists may 
be mutation forms of the true cholera vibno and may under certain conditions when 
placed in a suitable environment play an important part m the etiology m a new out 
break of cholera There is still much discussion as to the reliability of the agglutination 
test in detecting I ihrto thohrae under all conditions 

Influence of Pilgrimages — The spread of cholera has frequently been 
intimately connected with the great religious festivals and pilgrimages of 
Oriental people Not onl^ do those of India keep up the dissemination 
of the disease there but pilgnms going from the delta of the Ganges to 
Arabia and Mecca carry the infection and transmit it to their fellow 
pilgrims from Egypt and Algiers Haidwar which is a great pilgrim 
center, appears to be of great importance as a disseminating area of the 
disease the majontj of pilgrims traveling there from the Punjab 
(1937) has emphasized the importance of the penodical festivals with 
reference to the epidemiology of cholera One of these fairs is held on the 
grounds at the confluence of the Jumna and Ganges and lasts a month 
At the 1936 fair there were about 50 000 temporar> residents and the 
bathers on the most important day of the festival numbered a million 
and a half The latrines are frequently situated near the numerous w ells 
Greig examined a number of cholera convalescents who were about to 
return to their homes in India and found that 30 per cent of these pilgrims 
excreted cholera vibrios in their stools The epidemic in India in i 939 “ 
1040 reported by Verghese occurred in connection with the pilgrimage m 
the vicinity of the Jaganath Temple where 75 000 people congregated 
The intimate commercial relations between Europe and Egypt and 
Algiers make the introduction of the disease into European ports an easy 
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ciency m iviter snd salts the cells and album n are in excess and hence the blood has a 
h gh specific gravity The severe purging and somiting taving brought about a con 
centratiorv ot the blood the ted corvusclea are bund to be mcteued and there vs a 
corresponding rise m the percentage trf haemogtofnn the amount of ox> gen m the red 
blood corpuscles becomes dim mshed and the btood bee mei very dart in color lisu 
ally ther is aleucocytosis Urea haa been found in tlie blood in fatal cases in the algid 
stage but it has not been poss ble to detect the choleta term in the blood 

In the stage of collapse in cholera Uiere la in many cases a marked loss of water 
irom th blood accompanied 1 y a com ponding loss of salts part culariy chlondes 
Th s loss in water is patticularly high in persons who have died of th disease In the 
later stages the blood may show an almost normal amount and pr portion of w ater 
but the salts are not alway s replaced in normal amounts and proportion Therefore Che 
blood It this stage may baveadinuni bed salt content sod be hvpotonic anditsalhahn 
it) reduced These changes m y be of iiofiotunce iq reference to the treaimei t ol the 


SVMMOMATOtOOV 

Typical Cases — In a lyptcal attack ol cholera it is frequently possible 
to distinguish certain clinical stages of the disease m which the symptoms 
vary In some instances an meubatue stage can be recognized followed 
by one q{ evacuation m which purging vomiting and muscular cramps 
ate the most prominent symptoms This condition in severe cases 1$ 
usually followed by an algid stage or one ol collapse and if death does not 
occur a period of reaction foWows m which the temperature ii es and 
if no complications supervene the patient usuaUv recovers 

The fertod of wuSation is usually from t-5 da>s more commonly 
not over 3 The symptoms which may occur are diarrhoea a feeling of 
weight or oppression m the stomach and occasionally nausea and vomit 
ing In some cases a premonitory diartho»a appears to favor the develop 
ment of the cholera vihno in the intestine 

The Stage of Evacuation — However in many cases premonitory 
symptoms are not observed and when the physician sees the patient 
this stage may have passed The onset Ol a lypKal attack as observed 
dunng epidemics is frequently abrupt with purging vomiting muscular 
cramps and eahausuon 

These symptoms dominate the flage of tiacualion which usually lasts 
from :-i2 hours the lime depending probably on the virulence of the 
infecting cholera vibrio and susceptibility of the individual The 
purging IS usually frequent copious and watery hut there is neither 
colic nor tenesmus In fact the stoolb are often voided with a sense of 
relief as when an ^nerna is gotten nd of A striking feature however of 
the movements is the sensation of prostration which accompanies and 
Rectntly ihe pithol gieil c nd ixms which result in surgical sh ck have been 
compared to those wb ch occur in tsi tic cholera \\hU» there ar ol cours certain 
sirnilatlUes it should be kept in m nd that in \s at c ch leta the pathological cond ti ns 
are first produced through the tox ns ot the choleta spitillum and one should not ignore 
this (act I( a gu net p g s iniecied intiape It Deally with i mg ( a v rulent cultu e 
( the cholera spit Hum the rgin sms niiilu[(y rapdly and death occurs iii collapse 
within 14 hours after the inoculat on but th re u no lo s of flu d from the intestinal 
tract and 0 dehydration The an mat dies from the effects of the cholera totm act 
t ec by Ivs s of the organ sms. 
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The following features are especially characteristic of cholera at 
autopsy 

(i) Early and narked rigor mortis (a) the shrunken pinched face with cyanosis 
about the eyes and shrunken eye balls (3) shrunken washerwoman s fingers and 
cjanotic finger nails (4) dry subcutaneous tissue and muscles (5) dry and sticky 
pentoaeum with ground glass appearance of serosa of the intestine and with pint or 
rosy appearance of the serosa of the ileum (6) contracted and empty urinary bladder 
(7) shrunken dry spleen (8) ricc water hke lotestmal contents (9) some prominence 
of lymphoid follicles in the ileum 

Greig drew attention to the frequency of the involvement of the gaO 
bladder He also noted tJie presence of small areas of consolidation la 
the lungs of those developing pneumonia during the early da>s of con 
valescence In the exudates of such areas, cholera vibnos could be seen 
thus showing their penetration to the lung Although rare instances of 
recovery of the cholera spinllum from the blood have been reported 
Greig was unable to accomplish this in any instance Thennter inmany 
necropsies m the Philippine Islands never found the cholera vibrio in 
routine cultures made from the blood 

Recent studies of the blood have been made by DcJfonte and Gupta 
(1938), who made blood cultures from 26 patients and m 20 within 9 hours 
of the onset of the sj mptoms In no case was the cholera vibno isolated 

In Greig s opinion the vtbnos may travel b> way of the lymphatic 
system but this has not been demonstrated In 8 cases out of 55, he 
recovered the vibrios from the unne However other investigators have 
failed to find I tbrto choUrae in the urine and doubt its occurrence m the 
bladder Chatterjee (1938) in a recent Indian epidemic also was unable 
to isolate vibrios from the urine 

Climcal Pathology —In the stage of evacuation following the pre 
monitory one often within a few hours several liters of saline fluid are 
passed from the intestine or expelled from the stomach by vomiting 
This results m more or less dehydration of the tissues and blood a fall 
in the blood pressure and reduction of the surface temperature with 
marked weakening of the pulse palor of the skin muscular cramps and 
sometimes complete suppression of urine These symptoms result 
especially from the osmotic processes which occur during the course of 
the disease In relation to the loss of fluid from the body there is (i) a 
transudate of fluid from the vessels into the intestinal canal (2) anexuda 
tion from the corpuscles into the surrounding fluid and (3) passage of 
fluid from the tissues into the vessels In this way the blood becomes 
profoundly altered both physically and chemically 

The change in the constituents of the blood has been shown b> Schmidt and Aron 
in the investigations instigated by the water in the Philippines to occur in the follow ing 
order — the water transudes before the sohds of the serum the inorganic before ine 
organic solids the chlonds before the phosphates and the salts of soda before ^e salts 
of potash Shorten also found a retenhon of phosphates in the blood The alkalinity 
of the blood becomes gradually dimiDished and the percentage of chlorid in the senm 
in some of the most severe cases is greatly reduced In some cases the ,“‘i 

appears from the blood and a mere trace may be left in the liver Owing to the den 
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aency in watei and salts the cells and albumin ate m excess and hence the blood has a 
high specific gravity The seve e purging and vomiting ba log brought about a eon 
centration of the blood the red corpuscles ate found to be increased and there is a 
corresponding i se in the percentage of haemoglobin the amount of oxygen m the red 
blood corpuscles becomes diminished and the blood becomes very dark in color Usu 
ally there isaleucocytos a Urea hasbe«ntouBd.Mithehloodm fatal cases in the algid 
tage but it has not been possibl to detect the cholera toxin m the bl od 

Id the stage of collapse in chole a there is in many cases a marked loss of water 
from the blood accompanied by a corresponding loss of s Its particularly chlondes 
rhis loss in water 1$ particularly high in persons who have died of the disease In the 
1 ter stages the blood may show an almost normal amount and proportion of water 
but the salts are not alw ays replaced in normal amounts and proportion There! ore the 
blood at this stage may have a diminished salt content and be hypotonic anditsalkahn 
ty reduced These changes may be of imporunce in reference to the treatment of the 
disease 


SYMPTOtIATOl.OCTt 

Typical Cases ^In a typical attack of cholera it js frequently possible 
to distinguish certain clinical stages of the disease in which the symptoms 
var> In some instances an meubatne stage can be recognized followed 
by on» of evwuvtion tn which putging Nomiting and muscvslat cramps 
are the most promineot s> mptoms This condition m severe cases in 
usuaU> followed b> an algid stage or one of collapse and if death does not 
occur a period of reaction follows in which the temperature nses and 
if no complications supervene the patient usually recovers 

The period of tneuiation is usually from 1-5 days more commonly 
not over 3 The s> mptoms which roa> occur are diarrhoea a feeling of 
weight or oppression m the stomach and occasionally nausea and vomit 
mg Insomecases apremomtorydiairhoeaappearstofavorthedevelop- 
ment of the cholera vibrio m the int*$tme 

The Stage of Evacuation — However in many cases premonitory 
symptoms are not observed and when the physician sees the patient 
this stage may have passed The onset of a typical alUck as observed 
dunng epidemics is frequently abrupt vnth purging vomiting muscular 
cramps and exhaustion 

These symptoms dominate the slog* of etaaiahon which usually lasts 
from 2-12 hours the time depending probably on the virulence of the 
infecting cholera vibrio and the susceptibdity of the individual The 
purging IS usually frequent copious and watery but there is neither 
colic nor tenesmus In fact the stools are often voided with a sense of 
relief as when an enema is gotten nd of A striking feature however of 
the movements is the sensation of prostration which accompanies and 
Recently the pathotogicxl cond tons which esuU m s gical shock have been 
compared to those wb ch occur iR Asial c cholera M bil« there ate ofcoirse certain 
e milarlties It should be kept n ir d that in As aticclolera the palhologcalcondit ns 
a efi St produced through the torinsofUe cholera spu Uum and o e should not igno e 
this f ct If a gu n»i p g is i jetted lotiapenton ally with i mg of a vi ulent culture 
f tb cholera sp Hum the o ganisms multiply rapidly and death occurs m collapse 
w th n n hours allet the inoculaVioti tral there is no loss ol fioid Irom the intestinal 
t act and no dehydrition The anim ! dies from the effects of the cholers toxin set 
f ee by lys s of the organisms 
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follows them At first the movements are diarrhoeal or faecal but the) 
soon assume a rice water appearance, and are frequent and copious 
This designation is an appropriate one as the flocculi consisting of intes 
tinal epithelial cells in the watetj, slightly opaque, albuminous fluid much 
resembles rice water The odor is also slightly albuminous A short 
time after the purging begins \omiting usually occurs At first every 
thing the stomach contains is ejected, later the vomitus usually assumes 
much the same rice w ater like character as the stools and at times gushes 
from the patient s mouth causing much distress It may become blood 
tinged Any nounshment given by the mouth is apt to excite vomiting 
Retching which is very exhausting, and hiccough are also frequent 
symptoms Through loss of fluid from the body, the red cell count may 
become increased from i-a millions per cubic millimeter Early in this 
stage agonizing cramps frequently appear in the muscles of the calves 
of the legs and feet thighs and of the arms Frequently the patients 
suffer greatly from this condition and sometimes cry out for relief The 
muscles of the abdomen and back may also be involved as may at times 
the muscles of almost any part of the body 

The appearance of the patient may change rapidly the skm becoming 
lax and wrinkled Along with the excessive loss of fluid the tissues 
especially of the face becoine8hrunken,theeyebal]s vxith their congest^ 
conjunctivae sink back m the sockets and the nose becomes pinched 
the cheekbones standing out prominently This with the cyanosis 
about the eyes and lips the half closed pupils, and apathetic expression 
constitutes what is known as the ‘ Solera facies Cyanosis may 
gradually become evident about the fingers and toes as well as about the 
eyes and mouth The hands often have the appearance of having been 
held m water for a long time the so called washer woman's fingers 
The heart impulse and heart sounds which have greatly increased in 
frequency become gradually .weaker The pulse becomes more and 
more feeble and there is a steady diminution in the secretion of urine 
Unquenchable thirst is a very common symptom Faintness and palpi 
tation of the heart are frequently complained of The temperature 
of the surface of the skin is often subnormal while in the rectum the 
temperature may reach ioi®F or 102 and m very severe cases as nig 
as io 4'’F Consciousness is usually retained An increased duskiness 
of the skin which is cold and clammy to the touch may denote the onse 
of the algid stage , 

The Algid Stage — In severe cases the disease passes to the moi 
stage but perhaps more appropriately termed the stage of collapse T ** 
may last for only several hours or be prolonged for several days ^ 
purging and vomiting often cease but alarming exhaustion follows 
Colorless movements may be stUl occasionally passed involuntarily, an 
retching may persist The muscular cramps may also still continue 
The most serious symptom of the algid stage is almost comple e 
cessation of the circulation in the severe cases The pulse which may 
have increased to 120-160 grows gradually weaker becomes irreguar 
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and finally can no longer be felt at the wnst Sometimes pulsation is 
imperceptible even in the larger aitcnes If a vein is incised only a few 
drops of dark tarr> blood maj c*ude while if a small arter> is cut the 
blood also may not flow The blood pressure may fall to 60 millimeters 
The heart sounds become weak and irregular the first often prolonged 
Friction sounds raa> be heard m the pencardmm and sometimes in the 
pleura as a result of lack of moisture The secretion of unne dimimshes 
rapidly both on account of the low blood pr^ure and of the great loss 
of fluid through the bowel discharges In the most severe cases the 
pressure may fall m the renal artents to bdow 40 milbgiams of Hg which 
pressure is necessary for the secretion of urine Notwithstanding the 
intensive exhaustion of the patient and his cadaveric appearance the 
mental faculties maj be fairly preserved 

The temperature of the sodden inelastic clammy skin is depressed 
and may be as low as 93-94 F while the rectal temperature may be 
approximately normal or be elevated 

The poor circulation and poor aeration of the blood may stimulate 
the respirator) centers and the respirations become shallow and rapid 
The voice becomes husk) and finally so feeble that the patient can only 
whisper and the breath feels cold 

The sodden shriveled hands resembling those of a washerwoman 
become very characteristic The thirst usually becomes intense The 
patient frequently (alls into a listless motionless state m which however 
the apathy 13 more apparent than real The cholera facies often 
becomes even more accentuated m which the features are pinched the 
skin drawn the e)e balls sunken and surrounded by dark bluish areola 
The pupils are half closed and the etpressioo apathetic Usuall) in 
this stage there also is no debnum though the intelligence may be 
cloudy Later acomatoseorsemicomatosecondiuonmayresult peath 
may take place in this stage from respiratory failure asthenia or coma 
Sometimes death occurs a few hours after the onset of the symptoms in 
other cases not until the second day In severe cases collapse and uraemia 
are the 2 most frequent causes of death However more than half the 
patients usually survive the algid or coUap e stage Those who survive 
usually pass on about the third da) into the stage of reaction 

Reaction Collapse and Uraemia — In the stage of reaction the acute 
symptoms disappear the stools become of greater consistency and may 
contain traces of bile The skin becomes warm to the touch and the 
temperature by mouth may register several degrees above normal The 
pulse may be felt at the wrist the cyanosis disappears and the urinary 
secretion usually increases Recovery may take place within a week 
However in unfavorable cases the urinary secretion does not return to 
normal and only a small amount of albuminous urine is passed In such 
cases the pulse may become full and bounding and the s)stohc pressure 
increased to 150-175 miOimeteia A typhoid state may ensue with 
accelerated respiration dry brown tongue and muttenng debnum A 
condition of aadosis may develop with the carbon dioxide content of the 
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blood greatly diminished Erythematous skin rashes may appear 1/ 
the anuria persists, the prognosis is graveand uraemia convulsions coma 
and death maj occur Uraemia, often associated with acidosis is the 
most serious complication in the late stages of cholera 

Types of Cholera — During an epidemic, the different cases of cholera 
vary greatly in their se\ ent> \Vhile at the height of the epidemic the 
majority of the cases are severe especiallj in the early or late periods 
of the epidemic, many cases occur in which the symptoms are considerablj 
rmlder Some of these may be amhulalary in character the symptoms 
consisting generally of slight gastro intestinal disturbance accompanied b) 
diarrhoea The stools while liquid may never become colorless or assume 
a rice water like appearance In such cases urinary disturbances are 
usually not observed and the attacks usually subside m a few dajs How 
ever, the cholera spirillum has frequently been isolated from such ambula 
tory cases and as they may constitute sources of infection for others the) 
should be regarded as ‘ cholera carriers ’ Other patients may have more 
characteristic rice water like stools which persist for 48 hours but the 
cases are not characterized by suppression of unne or muscular cramps 
Stitt and others have referred to this group as cases of ‘cholerine ' or of 
choleraic diarrhoea However some of these patients may develop 
acute and more senous symptoms of cholera In a small percentage 
of the cholera cases during epidemics a condition known as cholera stcea 
has been reported Stitt points out that this type of disease is more apt 
to be seen in old or debilitated people In this form death occurs from 
collapse apparently from the rapid absorption of the cholera tonn 
before symptoms of vomiting or diarrhoea appear In such cases at 
autopsy the small intestine is usually distended with nee water material 
Apparently this form of cholera is rare 

Symptoms in Detail 

General Appearance — A typical case of cholera, with its c>aiiosed 

drawn pinched face cold ciammyskin and the eyes deeply sunken m the 

orbits, produces a picture rarely seen la other pathological conditions 
The appearance of washerwoman s hands’ is especially characteristic 

Alimentary System —In the beginning of an attack of cholera the stools may h* 

bile stained but in a typical case with sudden onset the cholera evacuations consist 0 

colorless or grayish white opalescent fluid containing flakes which reserabld particle 
of boiled nee The typical cholera stool resembles very closely moderately thick rce 
water and may contain as much as one half per cent of sodium chloride The 
dejections are frequently very copious and violent Sometimes approximately a U e 
of fluid may be ejected within a few mmutes or several liters within a few hours 
the disease progresses the dejections usually decrease in frequency and amount anU 
convalescence begins the stools assume a light yellow or a faint greenish tinge Aiicr 
scopical examinations of the tiee water like evacuations reveals that the j 

rice like particles consist of particles of mucus and degenerating intestinal epithe a 
cells Sometimes very few cells ate recognizable these having undergone more or e 
granular degeneration Red blood corpuscles m small numbers may also be visi 
but polymorphonuclear leucocytes and endothelial cells are usually scanty If a 
like particle is examined on a hanging drop slide under the microscope vibrios wi 



I vely moliUty itc usually seeo If tke prep ratioQ after drying is hardened in methyl 
alcol ol and stained in dilute carhol fucbsm aolutian lO an almost pure him of the 
cholera vibno is often found Even though other intestinal bacteria are present 
the appearance of the cholera vibnoa is atnLnig not only on account of their comma or 
spiral shape but because they usually a snine a lighter tint than the normal int stinal 
bactena However in the later stages ol the disease la soBie mild cases ol cholera or 
n cl olera earners U may be impiacUcahle to detect by microscopical esamination 
alon the p esence of vibnos in the dejecta In some raild cases nbde a m croscopical 
examination of the stool may not reveal the cholera vibrio oeve theless this organism 
may be isolated by cultural methods Sometunea a cherry red color (in heating the 
presence of indol) may he obtained if a small amount of an alcoholic solution of para 
dimethyl amido benuldehyde and an aqueous solution of potassium persulphate is 
adled to the rice water like stool 

\oiniting usually appears either a httle later or at about Che same time with the 
purging It IS frequently pers stent As soon as the stomach has been thoroughly 
empti d of food the vomitus becomes wate y m character and later assumes a more or 
less nee water like appearan e It may take on a bite tinge or be reddish and contain 
a small amount of blood The vomiting is often copious and as much as a quart may 
be ejected in a few minutes Repeated vomiting ol large amounts is a very striking 
feature of tbs disease It t frequently very < bausting ta the patient and may con 
tnb ite markedly to the collapsed condition occasionally being followed by rapid be rt 
failure Great thirst is usually present but ■( water is given the stomach is often 
unable to retain it nd it is often immediately ejected However when very sm U 
amounts f cr ck d ice or of du ds ate given a mall amount may b retained 

Hiccough likewise is a frequent add Scult symptom to treat It often persists 
after vom ting has ceased nd also during the collapse stipe 

Circulatory System —The pulse is rap d and feeble in the stage of evacuation but 
often becomes imperceptible in the algid or collapse stage The circulation is seriously 
interfered with so that only a few drops of black tarry blood wbch does not coagulate 
readily will flow from the wound madeu a vein when one gives an intravenous injection 
Especially as the result of pathoIogKal os notic processes referred to under pathology 
the blood b comes concent ated and has a bigbspeeiucgra ity varying between t 060 
and I 078 The systolic pressure fall greatly even to $0-60 mm ol mercury m severe 
or 75 mm in less serious cases Tb red cell count is increased to 7 or 8 million red 
cells per emm and the leucocyte count re cbes 1 $ 000 to 30 000 rarely lo 000 

futhestag ofcoUapse lossof water Ctomlhebloodisaccompanied by a correspond 
lag loss of salts part cula ly chlonds and this loss is constantly high m the blood of 
pc sons who have died ol the duease In the later stages of the disease the blood aga n 
ihowsaualm st normal content of w ter but thesalware not rtpUted in vhevr normal 
amounts and proportion Therefore the blood at this stage has a dimin shed s It 
content and is hypotonic and ts alkahmty is usu Uy reduced In the later stages ol 
the disc se Shaklee and bellaids f und that sometimes the CO content of the blood 
may be greatly reduced 

Rogers and Sh rten also showed that a greatly reduced alkal nity of the blood is a 
common f ature of severe cboUia the alkahnily ^ the blood not rarely being educed 
from a normal of about N/jo to as low as N/60 to N/8 and m cases terminating in 
fatal suppression of unne to N/ioo and even low r Such extreme cases of acido s 
are alw vs f tal 

Bane jee (1941) emphasiaes that the excessive vomiting and diarrhea both lead to 
great loss of chlorides In a senes of cases in which m a.urtments were made t w s 
lound that a loss ol 9 7 gtm chlond in 24 hours oceu red through vomiting and of 
jsbgm by the b wel These cases weierectivinp at the same lime a fur quantity — 
about 2S gm of chloride da 1> by intravenous and subcutaneous iniection The result 
was a marked hypochio em with ag eatalterationin thedistr bution of electrolytes 
and in the acid base balance He points out it is the hyporhloraemia that is of more 
mpo lance m the production ol a oUem a than the concentration of the blood If 
th lossofchlo ides remains unrestneted themvaiiableteauUisd hydrat n retent on 
of niUogenous waste products and renal failure 
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Temperature Record.— The temperature ot the stun is lowered in the stages ol 
evacuation and collapse from the normal while that of the rectum may be normal or 
even elevated There sometimes may be a difference of lo F between rectal and sur 
face temperature In the stage ot reaction a nse of temperature usually occurs in 
severe cases to loo-ioa F In grave cases it may continue to rise to higher levjr 
points 103-1O} F and this so called hyperthermic type is very fatal If uraemia 
occurs the case may assume a typhoid form with a temperature continuously high of 
ro*-i03 F 

Urinary System. — The urine usually has a high specific gravity It almost alws>8 
contains alburmn and casts and is scanty in amount Suppression not infrequently 
occurs In severe cases albumtn is present in considerable amounts dunng the fint 
2 or 3 days of the attack After this time m those who recover the albumm becomes 
gradually decreased However if uraemia develops the amount of albumin generally 
continues high The urea is much reduced dunng the first 2 days of the attack and 
generally increased in amount from the third day in cases which recover However ai 
those who develop uraeima both the urea and total solids may remam decreased assell 
as the quantity of urine passed 

The unnary system is greatly disturbed in cholera As soon as the blood pressure 
falls sufficiently the amount of urue becomes dinuushed or anuiu results That the 
failure of the kidneys to excrete unne u due in part to the lowered blood pressure ii 
sometimes demonstrated by the fact that following the intrav eoous injection of a saline 
solution for treatment the unnary secretioD returns However in those cases in w^ch 
the parenchymatous cells of the bdney have already been senously injured perhsps 
by the cholera toxin as well as by the circulatory changes the secretion of unne may 
not be restored The continued failure of the renal function leads quickly to uraemia 
which IS usually the most serious complication of cholera Sellarda (1936} pointed out 
that uiaerma proves fatal in about rs per cent of all patients who contract cholera 
After the penod of reaction the secretion of unne may return and then recovery usually 
takes place However in cases m which uraemia develops the bladder often remams 
empty or only a few ounces of unne are passed and the s> mptoms of toxaemia t»P^y 
develop In such eases the pulse remains above normal and tends to increase The 
blood pressure remains high and the respirations become more rapid and J* 
the secretion of unne is not restored the respirations become more and more 
the intellect become* cloudy and coma or convuJsious frequently ending in dea b 
supervene Even after relatively enormous injections of bicarbonate of soda the urine 
may remain sharply acid In some instances after the injection of 90 grams it did no 
become alkaline whereas in normal individuals from 3-5 grama is sufficient to 
the reaction of the urine from acid to alkaline Further studies demonstrated tnat 
this tolerance to bicarbonate in cholera is due essentially to acidosis or to a deficit ol t e 
body m fixed bases This acidosis makes its appearance usually early in the stage 0 
reaction and reaches its maximum in cases showing the most profound evidence 
uremia > 

Other Prominent Symptoms — Muscular cramps particularly of the extremities a 
abdomen are often of agonising character Theyappearduringthestageofevacua 10 
and are apt to be severe in the stage of collapse and to occur when the circulation is P 
foundly disturbed They are apparently due particularly to the poor circulation c 

visad venous blood deficient in oxygen as when the circulation is restored by mtra 

nous saline injections the cramps usually disappear at least temporanly 

In pregnant women cramps of the abdomen and uterine muscles may aid in pro 
ing abortion which usually occurs in liolera In the extremities the muscles dun g 
the cramps are hard to the touch and stand out rigidly sometimes having a kno 
feehng from the violence of the contractions ,v, 

A striking feature in regard to the nerioui iytttm is that the mind is clear during 
evacuation and algid stages even when the patient seems profoundly apathetic 
CouPLICATIO'tS AND SZQtJELAE 

Uraemia is the most frequent and fatal complication and in diSeren 
epidemics it has caused from 15-25 per cent of the deaths Its association 
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with acjdosis has already been considered Although the disturbances 
of the kidae> and unnarj secretion are marked m the acute stages Bright s 
disease is an unusual sequel of cholera and in the majontj of the cases 
which recover the unne soon becomes nonoal 

The cholera typhoid state which occurs in about 25 per cent of the 
cases usuall) becomes manifest after the stage of collapse There is a 
nsmg temperature accelerated respiration and Sometimes a dicrotic 
pulse The face is frequently fiushed the tongue dry and brown There 
IS often muttering delinum The typhoid stale has been regarded by some 
as a result of the cholera intoucaiion However it «eems probable that 
the other bacteria in the intestine which may cause secondary infection 
through the damage to the intestinal epithehum may exert an influence 
and give nse to symptoms 

In manv of the cases of ty'phoid form uraemia occurs In these the 
unne is sometimes delayed lot many hours otevendays This is usuallv 
a serious svmptom and m the majonty with prolonged suppression 
cerebral svmptoms make iheix appearance such as stupor resdessness 
muttering delmum and twitcbiiig of the muscles The pulse is usually 
slow and the pupil often contracted and fatal coma may follow How 
ever if the unnary vecretion is reestabbshed in treatment the alarming 
svmptoms may subside and recovery take place 

\mong other complications should be mentioned persistent hiccough 
which IS not uncommon Cholecystitis may occur and be accompamed 
by severe pain in the right hypochotidruc region Jaundice u rare but 
IS regarded as a dangerous compbcation Parotitis occurs in about i per 
cent In Indu bedsores and gangrene of the Angers toes nose and ears 
hav e been reported especuUy m cases of the ty-phoid form Disturbances 
of the eyes have also been noted due to disappearance of the lacnmal 
secretions and the appearance of secondary conjunctivitis Ulcerations 
of the cornea have also been observed particularly in cases ofter prolonged 
collapse in part due to the lack of ocular secretions and to the fact that 
the eyes are kept half open and secondary bacterial infection occurs 
The danger of sudden cardiac failure must at tunes be kept in mind 
Pregnant women generally miscarry and the foetus itself may show evi 
dences of cholera infection 


Diagnosis 

Chmcal Diagnosis,— The diagno is of Asiatic cholera, ftonv the clmical 
picture m severe cases is usually easy dunng an epidemic The sudden 
onset the purging and vomiting of ncc water bkc material the extreme 
prosliation collapse oi the arcuJation thediolenifictes muscularcramps 
and complete suppression of unne constitute a very typical and sinking 
cbmeal picture However the diagnosis may be very difficult m imM 
cases or in sporadic cases which may precede an outbreak Also the 
diagnosis may be confused with certain other intestinal disturbances 
In such cases an accurate diagnosis can only be made by a baclenological 
examination 



COMPUCATIOKS 


6zo 


Teinp«r«ture Record ~Tli« tctapcrstare of the sVia « In (he »Ug««! 

evaciiitioB and collapse from the nomul while that of the rectum may be BanDjlw 
even elevated There sometimes may be a diflereoce of lo F bettreen rectal and sur 
face temperature In the stage of reactwn a nse of temperature usually occurs la 
severe cases to roo-ioa F In grave cases st may continue to nse to higher Jc'cf 
points 103-J05 F and this so-called hyperthermic type is very fatal. II unmit 
occurs the case may assume a typhoid form with a temperature continuously high, of 

J63-103 f 

Drmary System, — The unne usually has a high specific gravity It almost alwiys 
contains albumin and casts and is scanty in amount Suppression not tofrequcstly 
occurs In severe cases albumin is present in considerable amounts during the tet 
s or 3 days of the attack After (hia tune in ibose who recover the albumin becomos 
gradually decreased However if uraemia develops the amount of sibummgeDemlly 
continues b)gb The ure» is much reduced dunng the first 3 days of the attack ssil 
generally increased 10 amovai from the (bird day m cases which reayytr JJonever a 
those who develop uraeoua both the urea and totalsolidi may remain decreased as veil 
as the quantity of urme passed 

The urinary system is greatly disturbed is cholera As soon as the blood pressure 
fails sufficiently the amount of urine becomes diminished or anuna results That the 
failure of the kidneys to e icrete unoe u due to part to tbe lowered blood pressuK ti 
sometimes demonstrated by tbefact that follow mg the intravenous lajeclionof assline 
solution for treatment the unaary secretwa returns However m those cases in wfuefc 
the parenchymatous cells «f the bdney have already been senovsly injured perhaps 
by the cholera tons as well at by the circulatory changes the secretios af urme nty 
not be restored The continued failure of the renal function leads qtueUy to uraeima 
which IS usually the most lenous eompheation of cholera Selbrds (1936) pointed oat 
that uraemia proves fatal in about rg per cent of all patients who eostraet chol^ 
After the penod of reaction the secretion of urine may return and Ihrs recovery niuaU)' 
takes place However in eases la which uraemia develops the bladder often leaa®* 
empty or only a few ouocos of urme are passed and the symptoms of tanemia 
develop Is such eases the pulse reinams above normal and tends to mcteaie Tbe 
blood pressure remains high and the respirations become mote rapid and deeper i< 
the secretion of unne is not restored the respirations become more and more 
the Intellect becomes cloudy and coma or convulsions frequently ending m drsto 
supervene Even after relatively enormous injections of bicarbonate of soda (he unoe 
may remain sharply acid In some insUnccs after the injection of 90 grams it did not 
become alkaline whereas in normal individuals from 3-5 grams is sufficient to ^J**?^* 
the reaction of the urine from acid to allabne Furlher studies demonstrated tost 
tins tolerance to bicarbonate in cholera is due esseotialJy to acidosis or to a deficit 0: tee 
body in filled bases This acidosis makes its ajspearance usually early m tbe stage ol 
reaction and reaches its nsisitnum in cases showing the most ptofound evidwce e 


uremia 1 

Other Promiaent SyuiptoBss —hJuscoUf cramps particularly cf tbe estrenuties sn 

abdomen are often of agonising character They appear during the stage of evacuaiioo 

and are apt to he severe w the stage of esdiopse and to we«f wies ihe circulation F','’ 
foundty disturbed They «re apparently due particularly to the poor circulation o* t® 
visad venousblood deficientinoajgen asuhenthecirculationisrestaredbyint'*'* 
nous saline injections the cramps usually disappear at less-l temporarily 
In pregnant women cramps of the aMomen and uterine muscles may aid lo 
iBgaboction which usually occurs in chidera In the eitremities the mustifs during 
the cramps are hard to tbe touch and stand out rigidly sometimea having a knottc 
feeliRg from the violence of the coritracbons . 

A sinking feature in regard to tbewnwMaytfemts that the mmd is clear during 1 

evacuation and algid stages even uhnt the patient seems profound!) apathetic 
CCIKPLICATIONS AND SEQUELAE 

Uraemia is the most frequent and fatal comphcation acd indiffereB‘ 
epidemics It has caused from 15— 15 percent of thedeaths Its association 
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wiH enable a correct diapiosis to be made InUmut katinerrhate may sometimes 5 mu 
Ute tbe collapse stage ot Asiatic cholera 

Maoson Bahr also mentions the possibility of the early stage of IricAinosir being 
sometimes confused with Asiatic cholera When the adult norms 10 tbe small mtestme 
reach sexual activity gastro intestinal irritation u produced Abdormnal pam vomit 
ing severe diarrhoea of the choleraic type may ensue if the infections are severe with 
muscular cramps and pa ns The presence of cosinophilia and the finding of trichinae 
would however establish the diagnosis 

Stitt (19 9) points out that bae Ihty dytenit y is aonetimes difficult to differentiate 
clinically from cholera and that many cases of cholera occurring m the Ilallcan W ar 
were diagnosed as baciUary dysentery Maoson Bahr (1939) refers to epidemics of the 
choleraic form of dysentery which were mistaken for cholera during the world war 
The eximmafion of the stool however will usually give definite information In all 
severe cases of bacillary dysentery the amount of blood or mucus present is much 
larger than is seen in Asiatic cholera 



Fic S3 — Ch lab — fish n ih t am appe an (Aft Jochrnana f m 
May r > 

Acute ar enttal and m c rj pmsffntu may also resemble cholera but with these 
vomiting is Usually the most striking symptom though purging may also occur Severe 
abdominal pam of a col cky character roay occur and th stools may contain bile and 
blood Also there may be a met I c taste in the mouth \s in chole a there m y be a 
leucocytosis 

hf anson Baht points out that fireman s or stoker $ Cramp m y pe haps cause con 
fusion It 1 s been observed among those who work under conditions of excessive 
beat and moisture such as are found in the engine rooms and stoke boles of ships in the 
tropics espec ally in tie Red Sea Tbe sufferers sometimes excr te frequent viatery 
stools and suffer from marked coll pse and severe muscular cramps It is sa d that 
they may bear a considerable rcserotdance to chol ra SelUrds ( 936) has called 
attention to a somewhat simil r condition among travelers m hot dry desert are s 
The sympt ms are brought about by e cessive sweat ng and loss of chlorides and 
treatment consists of giving large am untsofSuid at first contaim gio grins of sodium 
chloride to the gallon 

Finally W tson has eported several cases of infecuon viith tbe tr matode Carl 0 
<f e u k m n s which is met with in A m lod a e p a lly m which there were acute 
intestinal symptoms ending in death Two of the cases were diagnosed as \siatic 
cholera Tbe coirect diagnosis may be made by finding tbe ova ol the p rasile m the 
stools or tbe reddish translucent Qukes themselves 

In all these m tances obviously the baeten logc Idi gnosis should also differentiate 
Asiatic cholera 
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Cases oi Asiatic cbolcni may sometimes be con/useJ uitfa outbreaks 
of cholera nostras or difletent fonns of food poisoning m which symjiloms 
of acute gastro enteritis, diarrhoea abdoniinalpain, cramps, and vomiting 
may occur The symptoms may occur almost simultaneously among i 
number of a group who have partaken of the same food as meat, milk 
cheese etc The incubation penod is usually short 6-jo hours, and its 
Onset sudden 


Chotera nostras or outbrMka of food poisoning are usualJy due to lafectwa sjib 
one of the or5,aQisms of th« Salmonella group eapBCiaily S initnsiju or S aerlrydi 
The infecting organism can be twlatcd Itoiti the blood ucme or faeces or m case oi 
death from the viscera Ifowew diarrhoea rarely lasts more than s days Tir 
orgiQisin disappear* from the faern usually in from 7~;o days from the onset of symp 
toms Specidc identihcatioa of it can be made by the agglutination test a descnbM 
in CbapterXVI where further delaifsoftbecooditionaredeseribed However iDScroe 
outfar«al.s of cholera nostras i ihrip pteJtus has been jsoUted Croups of individusls 
have also been attacked ■Oo a occasions in the tropics Che writer had oppottunuy te 
observe outbreaks of cholera nostras among garrisons ol soldiers the mfeelnui fcavuig 
occurred from eating partially decomposed meat In the first of these outbreaks 
rj iRdividuaU were attacked many with very evere gastro intestinal symptoms 
In food poisoning the blood serum of Ibe patient usually alio sho« s an agglutuiatiofl 
reaction which appears in from fr-S days after the onset of symptoms Tbs reaetioB 
might be of value in diagnosing cholera nostras and tscluding Astatic cholera u ss 
individual who had been vaccinated recently against the latter disease aod whose Krun 
therefore would also shew an agglutinating reaction against the cbofera spmUnn A 
leucoey tosis is pment la the early stages of cholera but absent in food poisoning 
In cholera Qoitras and otherformsof food poisoning faintness muKuIarneekneM 
and prostration may be ^uite marked Tkirst ti asuaJ/y present and there a often 
a « o of temperature although many cases are apyreaial The stools m outbreaks of 
food poisoning are i atery but they are usually not to devoid of biliary cotoneg isattet 
as they are in cases of severe cholera However the milder cases of Asiatic cholera oo 
not show rice Mater like cs^cuations and these may contein biliary coloring matcer 
Stitt has pointed out that these atlcctions can at is/nes show a* marked muscular cramps 
emaciatiUD cyanosis aodas eakvowt as id cholera and hence only the bacteriologif*' 
examination can diSerentiate them 


la bululum the lirst symplows may be ga trie disturbances nausea and 
and oceasiOBally diarrhoea However there s» no fever during the attack andwnuc 
prostration is conspicuous and the onset » sometimes with vomiting obstinate coo 
stipation IS the rule Paralysis » also offea the outstanding syuiptora HilScuit 
articulation and perhaps complete aphonia may be present with inability to swatw''’ 
due to paraJysi* of the laryngeal and pharyngeal muscles Rwenaa point* out that 
the roost characteristic syirptom* ere dimness of vision diplopia palpebral ptosis 
fatigue pogressive muscular weakness diAicuIt articulation and swaliowing an® 
respiratory paralysis the clinical picture being essentially that of bulbar paralyy*- 
Beanns, these features in sund there sfirald usually be no confusion with Asiatic 
ctio/era flowever in daubtial cases Ibe bacteriofogicaf exananstjon will obvious*? 
clinfy the diagnosi* 

3fuihnent poiwuiNgis due to the sngesiioo tif poisonous fungi of Ihegenus 
In the clinical variety which has been termed Hyertirmaj cieltff/irmtt the symptoms 
consist of violent abdominal pains foDowed by nausea and vomiting and usually profu*'' 
diarrhoea Severe hepatitis and jaundice may be present and toxic nephritis and aaur» 
also result Jlowtver in musbroompoiMau^ the vooiiting usually prece les the disr 
thoes and the particles of the moshsooros may often be seen m the evacuations 

Rogers and Manson Bahr (1939) refer to certain forms of algid oe cMeraic woton 
asc!Ds5ysiin«J4t!nBc'5o'”a However tbcatotdsMenevtrrice water iiteinchacKter 
sod high fever early so the disease and the presence of malaml parasites in the bioou 



mg of Uus ftpproachmg change Ilowevet observations on the reaction of the blood 
serum to phenolphthalein or determinatioiuof the carbon dioxidof the blood or alveolar 
air will give suitable evidence As these factors become nearly normal the dosage of 
bicarbonate should be reduced at least to abont le grams These figures apply only to 
the bicarbonate and not to the oarmaf carbonate Bforeover precautionsmust be used 
m intravenous mjection in tbe stenliaatnn to prevent excessive formation of the 
carbonate 

Lasokatosy Diagnosis 

Key to recognition of gelatin liquefying motile and Gram negative 
spiral or comma shaped organisms 

I Give the mtroso indol reaction mth suipbanc acid aithm 24 hours 

(a) Very pathogenic for p geons 

(r) Vibno tHtUkn katt (Spmllum mdckHiint} Liquefies gelatin about twice 
as rapidly as the cholera Gi\es bubble appearance at top of stab Pro 
duces an acute enteritis in fowls Injection of culture into pectoral muscles 
of pigeons produces a fatal septicaemia hot pathogenic for man 

(b) Scarcely pathogewe for pigeons 

(a) Vtbna cheterai {Sp lUum ek lerae) 

n Do not give tbe mtroso indol reaction (cholera ted) with sulphuric acid alone m 
twesty four hours and furthermore especially In tbe case of Denecie s spirillum 
the cholera red reaction may be negative after prohnged cultivation 

(a) Produce an abundant moist cream colored growth on potato at room tem 
perature 

(1) V br « p oUt s (FioUet and Pnot s spirillum) Liquefaction of gelatin 
very rapid Ko air bubble appearance at top of liquefied area Cultures 
havefoulodor Milh coagulated ThKier and somewhat larger ipinllun 
than that of cholera Isolated from cholera nostras 

(b) Scanty growth or none at all on potato at room temperature Only a moderate 
yellowish growth when incubated at about body temperature 

(a) I tirta lyroten t iSptr Hum lyragenum Dtsecke s spirillum) Does not 
hquefy gelatin so rapidly as that of Finkler Pnot Milk not coagulated 
Tbmner and smaller spinllum than that of cholera 
Note —-Non motile non liquefyug and Gram positive spirilla have also been 
described There is also a large group of phosphorescent spirilla 

During the acute stage of the disease the vibnos can be demonstrated 
in large numbers in the rice water stoob in films and by cultures They 
do not penetrate into the submucosa and are not found in the blood 
The bacteriological diagnosis should be first undertaken m connection 
viith epithelial flakes m the evacuations If the vibnos are numerous 
they may be detected by their santitating movement in a hanging drop 
preparation In films from a fleck of mucus hardened and stained with 
carbol fuchsin i 10 dilution their morphology as comma forms and 
appearance as fish in a stream is very characteristic 

Koch, in early jears stated that donng an epidemic a diagnosis 
could be made from the microscopical examination of the stool m half the 
cases 

However in regard to the morphology of the cholera spirillum it 
frequently shows a tendency to plcomorphism under different conditions 
and comma and spiral forms are not always present 

More rarely long straight rods or ovoid organisms of coccoid form 
occur and while motility is nsnally marked it may be almost absent 
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In the diagnosis of uraemia m the Jaier stages of the disease and m the 
tj’phoid hie stage the subjcctne SMnptoms should be carefuUj considered 

These may mciude headache diuiQtss disturbance ef vision muscular twitchat 
attacks ol loss of consciousness nausea vomittn;: shortness of breath itdiingellhe 
skin faogue lassitude and an etjrthematoas ush Elevatwn ol the Wood preuaw 

usually occurs In some cases there maybe maAedreillessness delimm twitchw ii 

muscles and Rtoeraiiied c&n ulsions or the patient may pass mto a comatose state 

While the urine will corstam atbunun and casts this mil often not aid particoUrlj 
in the diagnosis because in all se%tre<a5es of cholera the unne contains both ilbiicwa 
and casts Oa account of the general tooditioii of (he patient in cholera funcctosal 
tests of the condition of tbe kidneys which call for quantitative estimates of the dirt 
are not practicable The phenohulphoncphthaleis test i* also usually unsatislactoij 
since It IS frequently difficviU to secure the necessary amounts of urine The blood 
urea nitrogen other nitrogcrigus bodies or the total non protein nitrogen in the blood 
may be determined These in uraemia are of course usually elevated and often mirledfl' 
so However it is often impracticahle to carry out these rcammations in time ta beef 
value except in regard to prognosis 

The diagnosis of ccidoiix m Asiatic cholera is of particular importance with Kfemre 
to the treatment In this condition it ahoulil be borne m mmd that the ongus of the 
acidosis « different from ibai > bieb occu» la diabetes lo diabetes the acids •b'd> 
accutnuUle la the tissue fluids are aceto acetic and beta-oxybutyric which are relsttd 
to acebreie and 8R denied from fatty acidsaod faulty metabolism Jodisbetes tbrn 
fore foreign acids are added to the blood In acidosis la cholera and tn the urieaia 
oceurnos tn ecrUm other acute ncpbiilid s from other infections tbe sods of aoriuf 
metabolism accumulate particularly because of faulty excretion through tbe kidaeit 
rossibly also other special and abnormal acids ate developed m Asiatic ebelera but 
this has not been demonstraied The usuat signs of acido«iieiisi >n both diahewi and 
Asiatic cholera because the surplus of acid depletes the stores of bicarbonate aedcat>se< 
changes in the alveolar COt in tbf CO» abrorbing power of tbe blood m the reserve 
alkalinity and in the acid excretion of the kidney As hgs already been poisied out 
acidosis in eheiera often makes its appearance earty in the stage of reaction and 
showing the most profound evidenceof unemia There « then not infrequently a deficst 
in the body of fixed bases a sis evidenced by the greatly iDCrrased tolerance to bicattaa 
ate and tbe greasly decreased CO content of tbe blood In many cases an actual 6 bi 
inution of the body aikah occurs and the concentration of bicarbonate in the blood » 
reduced below the uoimat level The diagnosis of aadosis in cholera may he oade 
from a determination of the CO tension of the venous blood or of the aheoiar aif “W 
the e reactions are often not practicable SclEards however has described a simple 
method of deternunitia the rolerance of the patient lo soiiium bicarbonate Tbe irst 
may be earned out either by the ingestion or by thciatra venous injection of bicarbooate 
For the detection of a slight increase tn loleraoee it isquit« sufBcieDt to gi'< live grams 
of sodium bicarbooate by mouth every tvo or three hours until tbe urine bearai« 
neutral or alkalme to lilmtis The bicatbonate should be given in a moderate amow' 
of M a ter and the patient ahoaJd void before each idatioairanon Specimens of vfi®' 
which are not di tinctly acid should be boikd thoroughly to convert bicarbonst* ‘® 
carbonate so that it nil react readily to litmus Intravenous injection may beieqait'® 
if abnormalities of the gasCro intestinal tract exist and when large doses of fcicatboaa'* 
become necessary Even «i a notmal person without any acidosis as much as 3 te S 
grams of bicarbonate can be given mtraveaoa^y mthout dwcom/ort and can b* rfpx®”" 
at intervals of t 0 or three hours unbl the reaction of the urine changes lo inait'd 
cases of acidosis massive injection* of bKarbonate are necessaiy to render the urioe 
alkaliae A very ordinary dose for lotravenotu lojectioB would be one half 
4 or 5 per cent solution repeating ibis dosage every 4 fo ® bouts A liter of 5 ” ® ^ 
cent solution given *lo t ly over a pMsod of one half to one hour should be regarded si 
maximal dose One must approach with some caution the point at which the ’ 
about to change over to an alkaline teaetMn Caaainalion of the unne gives no a*r® 
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Kruin«ied« s Medium.— Krumwiede s formula ta aa follow a Take equal parta of 
nbole egg and water and add tn the BuztuK an equal volume of 12 5 per cent sodium 
Carbonate (crystals) solution Having steamed this alkaline egg mixture for twenty 
minutes add 30 patts to 70 parts of meat extract free 3 pet cent agar (No meat 
extract only peptone and salt ) The surface of the agar must be dry The cholera 
colony has a hazy look like a little wad of absorbent cotton sticking to the su face 
with a metallic luster balo 

Goldbergets Medium.— First prepare a meat infusion by treating joo grams of 
finely chopped lean beet with 500 cc water After three hours strain the infusion 
adjust reaction to neutral with j 3 per cent anhydrous sodium carbonate then add to 
each loo cc 2 5 ce of s 3 P<r tent anhydrous sodium carbonate solution steriliz in 
Arnold for one half hour and filter Nett prepare a 5 per cent meat ettiaCt agar and 
mix one volume of the alkaline meat mtusMn uith 3 volumes of the hot melted 3 per 
cent meat extract agar Four plates and co «r with a piece of filter paper and place 
in mcubatoc for one half hour until they are quite dry On this medium cholera grows 
wellwhilefaecalbactenaarerestrained The cholera cokiny is cle r round andshows 
a brownish center but is without that sinking bluish opale cence shown on ordinary 
agar plates 

Each Medium. — Tbi medium has been highly recommended It is easy to make 
Heat 500 grams chopped up beef with tjo cc normal NaOH soluti n in a pot and 
wthen disintegrated Uter through clotb and stenbze About t part of this alkaline 
extract n added to sVx ko a paits of nutnent agai The plates must be dry The 
transparency of this medium is an advantage 

Aronson s Medium —This is an csceDent m dium for the ex minatieo of stools of 
cholera earners The organisms taken from such plates emulsify eesily and there is 
no interference with theit aggluttaability To prepare it add to 00 cc of 3 per cent 
nutrient agar 6 cc of to per cent solut on of en ccatcd sod um carbonate and iteam in 
Am Id stenlizer for fifteen minutes Then add $ cc of 20 per cent saccharose solution 
3 ce of so per cent dexi in solution o « cc saturated alcoholic basic luchsm and s cc of 
to per cent sodum sulphite A precipit te forms wh>cb quickly etllei and plates can 
b poured from the supernatant llu d Chplen colonies develop in 12 hours and show as 
ted colonies IQ 13 to so hours Cobn colonies are much larger than these and are color 
less Instockculturesof theebol ra ibtMtbccolom saremuchslowerinde clopment 
read (1939) believes th t a modificatonof the bismuth sulphite enrichment medium 
of Wdson Bla 1 1 most satistactory t cn ble one t \s late the vibnos from an 
inoculum that would only just grow m ordinary broth The bismuth sodiun sulphite 
medium was m idified by tb omission of bnUiant green an increase of tl e pH to 9 z the 
substitution of mannose for mannite in 1 per cent concentration and tepl cement of 
the broth by peptone water By the us of this medium be states mannose f rmentmg 
vibrios can be successfully diSerentiated from non mannose lermentmg vtbnos and 
f om polyform types Otl er common water and stool organ sms except streptococci 
are suppressed lloi ever this method docs not d stinguish I chele ae from other 
mannose fermenting magglutinable vibnos and hence the value of the method depends 
on whether these non pathogenic manno e term nting sibrios can outgroi 1 dole at 
or not It w U be necessary for furlb r use to deterinine i hether this med a is more 
lu bte tl n that of Aronson for such diSerentiation 

Mo t cholera organisms when freshly 1 olated gi e the chol ra red reaction The 
test IS perforraed* by adding concentratcif sulphuric ac d free of nitrite to the peptone 
The teacti n is due to the fact that the cholera spinllum usually produces both indol 
and sitntes m the media However during some epidemics from 5 to 10 pet cent of 
the vihti s isolated may fail to g ve th s so-called cholera red reaction Some of the 
cholera vibnos produce a mild haemolysia on Uood agar and others do not 

With refer nc to palhogeness freshly isol ted organisms usually show a high 
pathogenicity for guinea pigs upon intrapenton xl 1 oculation killing the animal in 
doses of one tenth to one hall loop but occasMDally the p thogenicity of the chole a 
organ sm may be very slight for guinea pigs On th other band certain vibrios from 
water may at 0 show path genesis for gu nes pigs 
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Dutmg one of the recent epidemics of cholera m Japan, iw o strains of tbe 
cholera vibrio were encountered, one of which was repotted as showing 
no motjlity whatever 

If numerous motile spirilla and stained comma forms are found 
respectively m the fresh and hardened preparations while the diagnosis 
of an isolated case of cholera may be suggested, a detinite diagnosis 
should never be made on the simple microscopic examination alone 
because w e now know that spirilla are sometimes found in matij cases of 
non-choleraic diarrhoea and sometimes even in the stools of normal 
individuals 

For the isolation of the cholera organism a number of selective medu 
have been prepared and recommended These selective media while 
they exert a restraining influence over the grow th of manj of the inteslina! 
bacteria permit the growth of the cholera spirillum 

The media recommend dby Dieudonntandus various tnodificalions by Coldbergtt 
Krumwiede Aronson Esch andothm are «( considerable value in this connectios 
Dieudonne a medium which has been given a thorough trial with good results con 
sists of a ninture of equal parts of defibnnated blood obuined at the daughter house 
and normal KaOII solution Mix 30 parts of this alkaline blood mixture with 70 part* 
of hot 3 pet cent nutrient agar Tbe pouted plates roust be left half open over si 
in the incubator to dry otherwise even cholera will not grow on them 

Upon the media of Dieudonn* drops of the intestinal evacuations are ineculited 
with the bacteriological needle by streaking upon the surtace The cholera 
which shows a special toleration lot alkali grows abundantly on this media fin 
oiler hand orgarusms as Btitllut teli the bacillus of typhoid fever paratypww 
bacilli Of very importanUy the bacillus of dysentery grow either very slowly or dm s 
all On the contrary the noncboletaic vibrios of water and faeces andfiafiW**/'^"^ 
and pyccantut and several other orgaiusina behave very nearly lile the cholera vibno 
Both BaetUus froleus and pyocyantus are encountered in diarthoeal disturbance! very 
frequently and hence these organi ms corapUeate tbe search (or the cholera 
The cholera colonies usually appear on the media after from 6 to 8 hours Plate culture! 
should also be made from the stool upon sbghtly alkaline agar 

\\ilh the isolated colonies which appear on the plates nithm aehoun the agg'uuDS 
tion test may be performed with a stock cholera immune serum In favorable ca^ 
the cholera organism can be isolated and identified by the serum reactions in I'S! 

*4 hours In instances where few cholera organisms are present as is frequent m t 
late stages of the disease in convalescence and in cholera carriers it is belter to maw 
preliminary enrichment of the culture by inoculatmg with a loop of the faeces into 
tube of alkaline peptone (pll 8-9) In this medium the cholera vibno muU'P' 
rapidly at the surface so that a pure culture may often he obtained by remo'mg 
loopful from the top alter 3-8 hours Stained 61ms may he made of such a loop ^ 
of the preparation examined in which characteristic moUlr vibrios may be preseo 
Another looplul is then spread on a Duudonne plate or on a plate of alkaune Si,a 
After isolation the organism is identified further culturally 

On gelatin plates the cholera orgniusm produces a rapid liquefaction 
of this media Gelatin however is rarely used in modern bacteriologic 
laboratories On agar plates the cholera colonies appear ° 

greater delicacy more transparent and grayish blue in color while 
colonies of the other inlesunal organisms, as Bacxllus colt 
globular and opaque The following other selective media for cho e 
have been recommended 



«ipenment is made upon material where \ibiK>s are found mixed with an abundant 
and vaned microbial flora it becomes difficolt if not impossible to count upon results 
of any value 

However when colonies are present on sol d media it is possible to carry out micro 
scopical agglutination tests by suspcnduig a portion of the colony d rectly in a loopful 
of suitably diluted immune serum (1-500 or i-tooo of a hi h titer serum) A hanging 
drop preparation is e atnined under the high power for agglutination and loss of motil 
ity A suspension m salt solution is made as a control Subcultures should be made 
from the same colonies for further studies 

However the most satisfactory method for a bacteriological diagnosis of the 
cholera vibrio is by the macroscop c method m the test tube 

In this method one b cteriological loop of the living or anism from a pure n hour 
slant agar cuitu e is thoroughly suspended m one cubic centimeter of an 0 85 pet cent 
solution of sodium chloride The amount of serum to be tested suspended in one 
cubic centimeter of a similar saline solution s then added the tube thoroughly shaken 
and the mixture placed for bou s at 37 C In a complete agglutination the organi ms 
a e deposited at the bottom of the test tube and it u understood that the liquid over 
lying the precipitated bacteria appears entirely clear By a weak react on we under 
stand one m which there is a distinct agglutination with precip Cat on visible to the 
D ked eye of numbers of the organ sms but 10 wb cb the tupemaCant fluid remains 
more or leas cloudy In Asiatic cholera the reaction should occur in dilutions of 1 leee 
to I eoo with a satisfactory agglutinaline serum These sera for dugnostic purposes 
are prepared commercially in sealed tubes and it is only necessary to perform the teat 
todis Ivethednedaerum nstetdedi tilledwate and note the necessary dilutvans A 
aatisfactory serum can also be obtained by the intravenous injection of a rabbit with a 
auspeasion of i’i a loop (of a mm nee^) of a culture of the cholera vibno and the 
bleeding of the animal after 8 days 

Some strains may be magglutmable when first is laled as is sometimes the case 
w th the typhoid baciUu 

For the bacteriological diagnosis of the cholera vibno in the laboratory 
$ phenomenon which depends upon the bacteriolysis of the cholera 
vibno la a cholera immune serum m the abdominal cavity of the guinea 
pig IS the most satisfactory and accurate reaction The method of 
performing this reaction is given on p 601 This bacteriolyltc reaction of 
the cholera vibrio may also be performed by the method of Bordet m the 
test tube but is less satisfactory 

From time to time vibnos have been isolated from the stools or from 
the intestines of individuals who have suffered with diarrhoeal attacks or 
cholera like attacks These vibnos have resembled the true cholera 
vibno m many respects but have not given the agglutination reactions 
for the cholera vibno They have differed in minor characteristics and 
a number of them were not agglutinated by an anti cholera 0 serum 
Sometimes they have been designated as para cholera vibnos The 
question has arisen are some of these vibrios cholera vibrios and are they 
capable of giving rise to epidemics of Asiatic cholera? There is not yet 
unamnuty of opinion on the question 

XjDtou (1940) believes the choleraorgamsmshoutd possess the folloi ingcombiuatioa 
of chaiactenstics fermentation of niuinose and sucrose but not of ar btnose faJu e to 
haetnolyze goat s blood and agglutination with O group 1 serum according to G rdner 
and Venkatraman (see Table p 598) 

Pasneha ( 939) and bis associates have stud ed the development of the U and O 
agglutuuns in the serum of cholera patients The blood from 175 cholera patients 
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Wlule the cholera spirillum is usually found tn abundaace in the stools dunag the 
acute stages of the disease and sometimes almost in pure culture m the later stages it 
becomes greatly decreased The other bacteria in the intestine then predominate and 
It is very difBcult or sometimes impossible to detect its presence In the dejecta of 
individuals who have had an attack of cholera the vibno may persist after complete 
recovery in about one third of the cases for as long as 10-14 days In very rare 
instances it has persisted longer or from 50 to 100 days 

roitsolalione/lhetibrtosfromiLaler 900CC is added to 100 cc of 10 per cent peptone 
solution containing g per cent NaCI This nutture is distributed into a number of 
sterile flasks and after 24 hours the surface growth is CTaiuned and subcultured 
Diagnosis at Necropsy — the necropsy of cholera cases the vibrio is met with in 
abundance in the small intestine ih the layers of desquamated epithelial cells and 
mucus which cover the surface and frequently in the large intestine It sometimes is 
found even in the superficial layers of the lymph follicles of the small intestine It is 
usually not found in other organs and not in the blood In a few mstances its isolation 
hasbeenreportedfromthegallbladder Greig oflndia has also reported its occasional 
presence in the urine of fatal cases and even very rarely in the lungs In the latter 
place the infection is very rare and was perhaps secondary from inspiration of the 
infected vonutus Isolation of the cholera vibno from either the urine or lungs has 
not been reportedi in recent years 

Immunity Reactions — It should be emphasized that morphological 
characteristics, motility, cultural characteristics, and animal cjpenmeats 
alone do not enable us to arrive at a certain bacteriological disgnosii 
of the cholera vibno since (here have been isolated from various sources 
(notably different water supplies and the normal intestine) a number of 
vibrios which cannot be distinguished from the cholera vibrio by these 
reactions and >et which are not capable of producing cholera 

For this differentiation it is necessary to employ the immunity reae 
tions (i) the agglutination reaction and (2) the bacteriolytic reaction in 
VIVO or the Pfeiffer phenomenon 

The agglulinaltan lest as a means of diagnosis in Asiatic cholera is mo t valuable la 
connection with the identification of the cholera vibrio isolated from the evacuations 

It however may be employed with the blood serum of the suspected case and a known 

culture of the cholera vibno However the agglutination test performed with the 
patient s serum is not satisfactory for the diagnosis of Asiatic cholera in the early 
stage of the disease and even in fatal cholera cases the serum rarely gives a positive 
agglutination m a dilution higher than i 40 In cases which ate recovering after the 
sixth day the agglutination test made with the serum of the patient may be positive ui 
dilutions as high as i joo or i 1000 This agglutinating power of the serum falls 
rapidly after the third week but may be still present after 6 to 8 months The serum 
of individuals who have been vaccinated against cholera also gives the agglutination 
test sometimes m dilutions as high as 1 *ooo 

Dunbar has recommended a quick diagnostic a^lutmatioo method for the identinca 
tnn of the cholera spirillum in the evacuations A flake of mucus or a drop of the 
dejecta is suspended in several drops of peptone solution On one cover glass is depos 
ited a drop of i S® normal serum and on another cover glass a drop of i 500 dilution 
of cholera immune serum A toopful of the suspected stool suspension in the peptone 

■’ ’ ] in each of these drops of serum the two coverslips inverts 

and exammed under the microscope When the materia 
III happens in cholera a pure or almost pure culture of cholera 
iroscopicaDy the two drops comparatively it is seen that m 
mtains the drop of cholera immune serum there is often a 
ation of motility of the cholera vibrio while in the preparation 
the vibnos remain actively motile and isolated When the 


solution IS then 

over hanging drop shdes 
examined contains as ofti 
vibnos on examining mu 
the preparation which c< 
prompt clumpmg and cess 
containing normal serum 



expenment la made upon matenal wbert >lbnos are found mixed with an abundant 
and vaned microbial flora it becomes difficult if not impossible to count upon results 
of any value 

However when colonies are present on solid media it is possible to carry out micro 
scopici! aggluUnation tests by suspending a portion of the colony directly in a loopful 
of suitably diluted immune serum (i-sooor i— loooof ahi h titer serum) A hanging 
drop preparation is examined under the high power for agglutination and loss of motil 
ity A suspension m salt solution is made as a control Subcultures should be made 
from the same colonies for further studies 

However the mcpst satvsfactory method for a baetenoiogical diagnosis of the 
cholera vibrio is by the macroscopic method in the test tube 

In this method one bacteriological loop of the living orgini m from a pure 14 hour 
slant agar culture is thoroughly suspended m one cubic centimeter of an o 85 per cent 
solution of sodium chlonde The amount of serum to be tested suspended in one 
cubic centimeter of a sim lar saline solution is then added the tube thoroughly shaken 
andthemi tu e placed for a hours at 37 C In acompletcagglutination tie organisms 
are deposited at the bottom of the test tube and it 1 understood that the liquid over 
lying the precipitated bacteria appeals entirely clear By a weak reaction we under 
stand one in which there 1 a distinct agglutination with precipitation vi ible to the 
naked eye of numbers of the org nisms but in which the supernatant fluid remains 
mote otltw cloudy luAsiaticchole atheteaclionsSouWoccu indlutonsof 000 
to I eeo with a salt factory agglutinating serum These sera for diagnostic purposes 
are prepared commercially m sealed tubes and it is only necessary to perform the test 
to dissolve the dried serum in stenie distilled water and note the necessary dilutions A 
satisfactory serum can also be obtained by the intravenous in;ection of a rabbit with a 
suspens on of K * loop (of a mm neeffie) of a culture of the cholera vibrio and the 
bleeding of the anim 1 after 8 days 

Some steams may be inagglutinable when first isolated as is sometimes the case 
with the typhoid bacillus 

For the bacteriological diagnosis of the cholera vibrio m the laboratory 
PJtiffer s phenomenon which depends upon the bacteriolysis of the cholera 
vibno m a cholera immune serum m the abdominal cavity of the guinea 
pig is the most satisfactory and accurate reaction The method of 
performing this reaction is given on p 601 This bacteriolytic reaction of 
the cholera vibrio may also be performed by the method of Bordet in the 
lest tube but is less satisfactory 

From time to time vibrios have been isolated from the stools or from 
the intestines of individuals who have suffered with diarrhoeal attacks or 
cholera like attacks These vibnos have resembled the true cholera 
vibrio m many respects but have not given the agglutination reactions 
for the cholera vibrio They have differed in minor characteristics and 
a number of them were not agglutinated by an anti cholera O serum 
Sometimes they have been designated as para cholera vibrios The 
question has arisen are some of these vibnos cholera vibrios and are they 
capable of giving rise to epidemics of Asiatic cholera? There is not yet 
unammity of opimon on the question 

Lintoa(x94 ) bebeves tiecbolerxorguusxnsbouldpo sess tie following combmxtian 
of characteristics fetmeutaCioa of msoDose and sucrose but not of arabmose failure to 
haemolyae goat s blood and agglutination with O groop I serum acco ding to Gardner 
and Venkatram n (see Table p J98) 

Paancha (1939) and his associates have studied the development of the H and O 
agglutinins m the serum of cholera patients Tiw blood from 175 cholera patients 
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vsas esanuntd Jhe aggi«tinatJon lest »as made us Dreyer s tssbes uubj a fornsolHei 
o i per cent suspension of « )oung agar cultare as the H antigen and a boiled laspessws 
insalincas the 0 antigen Akoho! treated vibnos ot tibnos suspended in 05 per ceot 
Iitbiam chloride were found to be not as satisfactory as the boiled su pension find 
readings were taken after 18 hours tn a water bath at ss C 

They conclude that W agglutinins appear early and in a larger percentage of cases 
than O agglutinins Agglutinins are better developed for the hooiobgous strain tbas 
for the standard V (ktltrat (Isiaba) la a few patients they found H aggkti&iu 
develop for the standard strain of ( cMtroe and oot for the homologous agglutmabk 
strain In the serum 0! niued cholera cases le passuig K ciufrw and luaggliiUB^le 
vibnos agglutinins « ere demonstrable only for \ cAokree and not for the iniggliiU 
nable strains In the senim of cholera patients from «hom vibnos were not isolated, 
front the stools agglutinins for 1 cAoferae were nevertheless found They stress the 
iicportance of serological tests in the retrospective diagnosis of cholera in those paliesls 
m whom 1 eAoferae has not been isolated from the stools dunng the acute stage of the 
disease Pasncbs 0939 ) hat m rspatientsinahomrepeatedstcolMaimnatioia 

had yielded negative jMulis 10 5 agslutinias for > eAefrwe were present mtte Wood 
n ith both Inaba H and O antigens 

It has recently been suggested (cpjg) that the so-called Ogawa strain of the cholers 
vibrio might only be a strain developed in the laboratory by artificial culture aad set* 
vibno occurring in nature Iloaever Sbortt and Tandit at the King Irutituteci 
Preventive Medicine at Guiady reported in rgjy that several hundred Og»aa sttsios 
had been encountered and it has been found (hat the i mam cholera types termed 
Iftabs and Ogswa have b^ea met swlh ra apectaJ areas t>t toon a nhicb 00c or t^ 
other predominate Theta was however in ig^S no difference la the seventy of the 
epidenuca caused by either the Inaba or the Ogawa type In Japan the laaba type as 
intimated has been regarded as theongiaai typeof cholera vibno Jhe Hikojima as IM 
middle type and the Ogawa as the variant type These types were isolated is y**” 
ago and it » said by ^lcJumuta (igyg) that they sldl retain their specific character 
Sixteen strains be tested recently proved to be of the original Inaba type 

Pasricba reports that at the Sebool of TrepiexJ ^^edlCJoe CaJculU dunnj: the w 

half of the year rgyS agglutiftabte vibnos were isolated from $8 per cent of the samples 

of faeces from clioical cases of cholera and non agglotinable vibrios were isolated from 
7 per cent Vibrios were not isolated from 35 per cent of the esses Dunog J'*')' 
August and September vibnos were isolated fconi rd per cent of the eases Vibnos 
of the Ogawa type were found m 34 or 13 per cent of ajo patients studied 
of these patients both the Ogawa and (be Jnaba types of vibrios were isolated The 
results of such studies are cf greater value njtb reference to bscleno!o8i»I diasaos's 
if one knows definitely the. day of the disease on which the exemiBatwa was made 
also the reaction of the cholera stools is important 

The Reaction of Cholera Stools — In a study of the hydrogen ion concentration 
of stools of 150 cholera patients collected during the first a days after the onset ol 
syraptoros by the caionmetxic method apptantnatdy ds per cent of typical nee water 
stools without visible faecal matter were alkabne The majority of these , 

a pH value between J $ and 8 5 Abont SS pet cent of the stools were acid C?" he 

70 but not below 6 o) StoolscontaiiUDgfa*caltiialterweredistioct!yacidmreictwo 

In 30 cholera palieols whose stoob were examined daily vibnos were found m teat y 
all the alkaline samples and »a fewer samples when the reaction of the stool was 0 
the acid side 

Feocmosis 

There is the greatest vartstioa la the mortality in differnJt epidemics 
as IS true of most other epidenac diseases In the early stages or at w 
peak of the epidemic the mortality usually is highest In 
cases it has reached 80 per cent However 50 per cent may be coasidere 
an average mortality During epidemics when many patients are given 



CBOLEKA 


63 J 


treatment late in the stage of the disease Sellards (1936) estimates that 
about 30-3S per cent die in the stage of collapse and that it may be 
expected that 1 5 per cent will die of uraemia unless mtensn ely treated with 
alkalies Under more favorable areumstances when patients are treated 
early the mortality may be as low as 25-30 per cent 

In \oung children and old people there is usually a very high mortality 
rate as is also true of alcoholics and those with kidney disease The 
mortahty is also high with pregnant women 

PfiOPirVLAXlS AND TREAIUEVT 

Prophylaxis — Personal prophylaxis is apparently of greatest influence 
in protection from infection In this connection it is important to 
con ider the way in which cholera is contracted and spread (See pages 

604-613 ) 

For the prevention of cholera during an epidemic two factors are of 
paramount importance first the protection of water and food supplies and 
second the destruction of excreta of patients 

In the presence of cholera one should only drink recently boiled water 
which has been protected from the contaminating influence of flies and 
all forus of un>‘ooked food should be avoided Important among pro 
hibited foods should be raw shell fish and uncooked salads Such articles 
as lettuce and celery are particularly dangerous on account oS the moisture 
retained Fruits such as bananas and oranges can be made safe bv 
covering them with boiling water for two or three minutes and subse 
quently peeling Cate must be taken that native servants do not put 
^h which may have been contaminated with cholera infected water on 
the ice in an icebox and through such a source to have the butter etc 
infected The most scrupulous attention should be given the matter 
of the care of the ice box in the tropics 

All drinking water and all water used in washing of dishes should be 
boiled In emergencies where it is iinpo sible to boil the dnnking water 
It should be carefully chlorinated and the chlorination controlled to show 
if sufficient free chlorine 1 present to destroy the bacteria The routine 
procedure with bleaching poader i 3 per cent of chlorine per million or 
2 grammes to xio gallons of water cannot always be relied upon as safe 
Sodium bisulphatc tablets a grams to pints of water by liberating 
sulphuric acid are useful for stenluiag water in canteens on the march 
Disinfection of the drinking water in the wells in rural commumties 
should receive special attention and stetiliration of wells b> chlorination 
is usually considered mote sati factory than is the addition of potassium 
permanganate (60 gr to the gal) which has been especially recommended 
in India The permanganate appears to be of value in precipitating 
the organic matter in suspension rather than by actually killing the bac 
tena The value of the u e of bactenophage in destroying the cholera 
spirillum m w ells is still speculatn'C and should not be relied upon 

Besides care of the food and water ingested particular attfntion should 
be paid to the washing of the bands befdre eating and if one has been in 
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contact with cholera cases there should be careful disinfectioa of the 
hands 

Tea has been recommended as a prophylactic and its use is advisable 
as It implies boiling of the water Eucalyptus oil has also been advised 
as a prophylactic, 10 minims twice daily As acids have an inimical 
effect on the cholera spirilla some have recommended the use of acid 
drinks but as a matter of fact the best prophylactic is the normal gaslnc 
juice, and there is a possibility that the use of such acid dnnks might upset 
the digestion and defeat the object desired 

Experience m cholen epidemics has show n the importance of avoiding 
anything which might lower the resistance Fatigue excess in alcohol 
or the taking of any kind of indigestible foods are to be avoided It 
must be remembered that the use of purgatives may set up cholera in a 
cholera carrier so that this possibility should be thought of 

An important muniupal measure for tbe control of s cholera outbreak u the diag 
nosmg of cholera camera tucb cases often occurring id those associated "Uh a chelm 
case Such corners should be isolated and their stools disinfected until at least J n«S* 
live examinations show them to have ceased being cholera carriers Of cou«e 1 
cholera case should he isolated aod kept u>* 0 y screened room All sutopv's thould 
be performed in a fly screened morgue 
Other municipal measures should include 
t Improvement of the water *iipply 
a Provision for treatment and isolation of patients 

3 Discovery and notificauon of cholera cases 

4 An educational campaign 

5 General sanitary improvement of the district 

6 Protective inoculation 

In China recently ((939) it was found necessary to pay special attention to stenliu 
tion w ith chlorine of the water buckets used to transport dnolung water 

For disinfection of stools one may employ an equal amount of a 3 per cent eompounn 
cresol solution which when mued with tbe same amount of stool becomes a sjf percent 
solution This should be in contact with the stool at least one hour before emptying 
the container Chlorinated lime i pound to 4 gallons makes an excellent disinfectant 
for stools— equal parts of this i to 16 chlorinated lime solution and stool 

Bed clothing or other matenal contanuDated by vomitus or faeces should he 
immersed m a pet cent compound crewl solution All food utensils should be 
disinfected by boiling Persons sttcndiDg cholera cases should wear gowns and rcenove 
the same upon leaving the room Particular care should be exercised in hand disinfec 
tion after attending a cholera case 

There js no danger from aerial conveyance of infectious material other than tne 
possibility of one s coming within tbe danger none of a vomiting patient Therefore 
for disinfection of a room occupied by a cholera patient we need not use foraildehyoe 
gas but ivashuig of floors and lower part of walk with » per cent compound creso 
solution IS sufficient The stock solution of cUonnated lime i pound to 4 gallons ts 
suitable for mopping floors and walls 

Quarantine — ^Vhen cholera was epidemic in parts of Europe in 
at the New York Quarantine Station the cholera vibrio was isolated fwo 
2S immigrants arriving on steamers ack with the disease and 27 healthy 
persons were found to be infected with the vibrios in their faeces 
cases of cholera were detected at other ports by bacteriological cxamiM 
tions The authorities believe that there was no doubt that the adoption 
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of these measures kept cholera out of the couatry Undoubtedly also 
the introduction of cholera into the Phihppuie Islands from China has 
repeatedly been pie\ented ihrougb quarantine Obviously in many 
instances it may be difficult to detect cholera earners However 
apparently no epidemic in a country has been started by any individual 
who has been a cholera carrier of more than two months standing 

During 1937 cholera was wide spread in China and in most of the 
important ports From July 26 to August 24 802 cases and 427 deaths 
were reported in Hongkong and over 500 cases (m that aty) from the 
latter date to September ii 

To pre eat the intioduct on ol tbe disease into tlie Thilippme Islands the United 
States Public Health Service directed all quaiantme officers to carry out very careful 
spection of sh ps passengers and cteir Itom infected or suspected ports mclud ng 
bactenolog c 1 examination to detect camera There was close coopetat on with the 
public health service officers statKined at Hong Kong the Chinese Quarantine Service 
and the Eastern Bureau of the League of Nations with headquarters at Singapore 
These cooperative efforts have been partcularly d ected towards the pr ventios of 
embarkation of infected persons 

It has been thought probable that the nest coast seaports of the United States 
are not likely to become infected for the reason that since the locubatnii period of 
cholera » ttvuaUy not beyond $ days outbieakson shipboard will occur and the disease 
will become evident some time More the ship from an infected port could re ch a 
Un ted States pott However the possibility of introduction of the disease by earners 
IS not being overlooked and a bacteriological survey is being conducted for carriers 
whenever indicated Ships from cholera infected areas are not granted radio pratique 
Passengers from infected areas traveUing by Pan Anencan Cbpper air ships have not 
been inconvenienced since they have completed the incubation period by the time they 
teach San Franci co but if they stop over cn route they are held at stopover points 
to complete the incubation p nod Suce protected water suppLes and protected milk 
supphes prevail in Amencan cities today cholera is no longer the menace to the country 
that It was m earlier years 


Prophyiactic Inocuiation 

\\ith reference to protective inoculation against cholera it is well to 
recall that there is no general invasion of the body or of the blood by the 
cholera vibrio The organism remains localized in the intestine and the 
symptoms are presumably due to the action of the vibrio in the intestine 
and the absorption of the tozin Subcutaneous inoculation of killed 
cholera organisms into man gives rise to agglutimns and bacterioUsins 
in the blood but there is no evidence of antitoxic substances being produced 
by such inoculation In fact with the cholera vaccines in common use 
today it IS said the inoculation gives rise usually to no systemic reaction 
whatever >n the individual This in itself implies that httle toxin has 
been introduced Therefore from a theoretical standpoint it is ques 
tionable whether by inoculation the production of a small amount of 
bactenolysms and agglutinins in the blood of the individual ran either 
prevent an infection with the cholera spirillum or the progress of the 
disease for the cholera spinllum is not brou^t into direct contact with 
the blood serum as the typhoid baollus is when it invades the blood and 
tissues in a case of typhoid fever 
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\Vhile proph>lactic inoculation in cholera has been \er> mdely 
emplo) ed for many j ears, no definite unanimity of opinion exists m regard 
to its value during an epidemic although in general the reports have been 
favorable regarding its use There is very great difficulty in assessing 
the v alue of cholera inoculation from the reports that have been published 
Certainly in the great majority of outbreaks there has been no unvacci 
Rated group living under exactly the same circumstances as the \ accinated 
group with which to make comparison of the results Anyone who has 
had wide experience with cholera and cholera epidemics can hardly give 
credence to the mere statement that an epidemic entirely subsided as the 
result of inoculation 


Methods of Inoculation — Ferran (1885) first introduced baetenal vaecmalion ol 
man m connection with a cholera epidemic in Spam He demonstrated that gum« 
pigs could be protected against lethal doses of the chol ra spinllum if they had been 
previously inocutaled subcutaneousfy with smaH doses of the organism Some 50050 
people were inoculated subcutaneously with living cultures of the cholera orgaoisni 
during two years but there were numerous accidents apparently some at least due to 
an impurity of the cultures and the vacanations were stopped by the Government 
and their value was not demonstrated 

llaSkine in tSpy employed vacanaiion in India vsinga pirhsioaryiubcutSDeous 
injection of an attenuated cholera organism and later a second injection ol a more 
virulent culture obtained by repeated passage through animals follow mg the principle 
of Pasteur s method of vaccination against antbrae Later only the virulent culture 
was employed 

KoUe recommended as a prophylactic the cholera spuillum grown on nutrient agar 
suspended in sodium chloride solution e 85 per cent and killed by heat for one hour 
by exposure to heat at C It was recommended that st least two inoculations 
of this prophylactic were advisable to produce a satisfactory immunity the first dose 
being o 5 and tbe second t cc after a week s interval 

Ilesredka has recommended a sensitised vaccine obtained by shaking the cholera 
spirilla with cholera immune serum Later m ipsa he introduced his bdi vacemefor 
oral administration This vaccine is now made from thick suspensions of the cholera 
organism killed by heat carbolic acid or alcohol and given in from j-5 doses ranginx 
up to ICO cc every other day Each dose is said to consist of ro-ioo milliards of 
vibrios or o oi-o i gm of the dried organisms 

The writer (igoi) working in Kochs laboratory With VVasswmann prepared a 
cholera prophylactic const ting of filtered suspension of the immuniring substSDCev 
of the cholera spirillum in normal saline solution which bad been extracted and dige ted 
from the cholera spirillum The extract was then steribaed by heat at 58 C and 
preserved in o 5 pet cent carbolic Bod This form of prophylactic is obviously much 
more difficult to prepare but had the advantage that a larger amount of the immuniring 
substances may be given at a single time than it « possible to inoculate into man *hea 
the killed orgamsms ate employed A single inoculation is sufficient to produce a iifcO 
iminunity in animals and there is practically 1*0 local reaction in man Tf is prophyUe^ 
tic was used m different outbreaks m the Fhdippme Islands in 1905-7 the number 0 
cholera cases among the inoculated being about J^th of those that occurred among the 


umnoculated . 

Pasneba and Cbalterjee (ipjp) itttaOy examined 6 cholera vaccines used m inuia 
from recognized laboratories It was stated that all gave satisfactory antigenic response 
and protected guinea pigs against a hILD of I ibrio tkoltrae [This represents a vety 
low immunizing power since a potent vaccine should immunize guinea pigs against at 
least 10 tunes the MLD J Four of 8 commercial preparations of cholera vaccines 
examined produced cholera agglutmins and gave rise to protective properties and 
4 vacanes gave uniformly negative molts Kingsbury (1959) directorof the Institute 
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for Medical Research of the Federated Malay butes sUtes that the cholera vaccine 
prepared at that mstitute contains I&aba and Ogana subtypes m approximately equal 
proportions with the idea of providing the VaMons antigens requ red to produce a 
satasi ctory VTnmum ation le ponse 

Yu (1938) emphasizes a most essential point as was demonstrated by the nter m 
903 that in the preparat on of cholera vacane the strain selected should have the 
highest possible virulence in the animal test as it was conclusively shown that the 
iromun zing power of cholera strains is in piopott on to their virulence 

Results — In recent years only killed cultures of the organism have 
been employed for prophylaxis, dunng epidemics During the Great 
War many inoculations were made The initial dose recommended was 
cc of an emulsion of four thousand millions followed 7-10 day s later 
by a second inoculation of i cc containing eight thousand millions In 
some instances oedema and a painful infiltration at the site of the injec 
tion occurri d but this was rarely followed by systemic disturbances In 
general, the subcutaneous inoculations were easily tolerated 

It w as emphasized that the vaccine is not effectiv e if kept longer than 
3 months and that the protection is of comparatively short duration as 
only about 6 months Indeed Manson Bahr (1936) says the immumty 
IS regarded as lasting at the masimuin for 3-4 months 

The reports o 5 the results obtained in India and during the Balkan 
and World War have been on the whole favorable but comparisons of 
the actual value of the inoculations have not been conclusively demon 
strated In general statistics have shown that the case rate among the 
inoculated and the uninocuiated has varied in different localities from 
i to 4 to 1 to & or I to to and the moclality among the inoculated and the 
uninocuiated as about i to 3 

During the past few y ears cholera vnccination has become very popu 
1 ir and has been used on a wide scale in India China Indo China and the 
Malay States 

Inllaipong 1938 the outbreak fcbole a was a severe one and it> extent ncreased 
by the influx of refugees as a result of the Japanese attacks dunng the war After the 
epidemic had been in progress f r some mouths accination was begun on Sept 3 
1938 anl in 10 days by the 3rd of O t 94 000 persona had been vacc nated Later 
the number of vacc nat d was incT ased to at least 58000 By the 13th of October 
there was a steady decline in the cases observable Of 564 pat nts adm tied to the 
hospital 94 per cent had not been vaccinated Too much credence should not be given 
to the use f th v ccme in th s connect n tor it B well known th t in. many parts of 
China It 1 customary f r the outbreaks Co reach their peaks in September die down 1 
October and d sappear at the end of November 

It has b en po nted out h wever th t vacc n ton was not used in the To gk og 
1 Ita and the d ease continued to prevail there after it had been extinguished in 
Haipong However Quenardel (1938) reports that in Tonking a very active campaign 
of vaccination against chole wasmt oducedandfl 500 000 inoculations were performed 
\a the shott t me of 4 months Ma y repoitswere also received of the efhtiencv of the 
acc aUon there but these reports were by no meansallfavocable Itwasnotedthat 
the epidemic ceased m ome non vaccinated vill ges and that there was a recrudescence 
in some vaccinated areas In the Ha pong ontbieak while the vaccine was thought to 
reduce the prevalence of the disease no evidence was obt ined of its mitigating the 
sever ty of the att ck if 1 fection did occur 

V gel d Kiou who have exam n d th results of vaccinat on m Tonking saw no 
aivanta e in It They r po I ih t 64 jO vaccinations were performed but that the 
medical officer in ch g Iso observed sponUne us rrest of chol ra m non vaccinated 
villages and Us recrudescence in vacc nat d villages They consider that ep dem c 
cholera came t an end in non vaecin ted China at the ^me time that it did in vac 
c nat d Tonking 
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In the Province of Annam httle difference in mortality was manifest betweec 
vaccinated and non vaccinated villages while in the Province of \inh where cholera 
ceased in the primary focus after a massive inoculation of the population it was found 
that on recurrence it ravaged indifferently vaccinated and non vaccinated villages 
They emphasize that it is necessary to be very circumspect in interpretuig the results 
of vaccmation m a favorable as well as an unfavorable sense 

Genevray and his associates (1938) reported an epidemic m Indo China in a 
Tonbng delta village The epidemic had a sudden occurrence in the community of 
not more than isoo persons No cholera had been notified in the province for 4^ 
months It was all over in 15 days There were 60 cases with $2 deaths The 
vibrios isolated from the stools were of the Inaba type A vibrio of this type was 
isolated from a village compounds but not from the only well of the village There 
were no earners found Almost immediately the epidemic broke out 980 vaccinations 
were performed and they thmk that the sudden end of the epidemic was due to vac 
cination It is not stated whether any further cases occurred among the unvacciQsted 

population Later however they reported that 13 5*3 000 vaccinations were earned 

out in Indo Chma Apparently the epidemic did not end so suddenly elsewhere 
though It was reported the vaccination with one dose seemed to be efficacious Never 
theless the mortality of the epidemic was high 68 per cent which is above the average 
mortality during epidemics It was said however that when full vaccination was 
earned out as in the case of administration and military groups complete protection 
was obtained It is presumable that the individuals of such groups also took all possible 
other precautions toavoid infection Monson and Rice (7934) report Iba t of 6ppersB°* 
who were vaccinated and contracted cholera the mortality was 57 9 per cent and of 14 
vaccinated 7 days or more before they fell lU 8 died 

Shortt believes that in the evacuation from Burma owing to vaccmation of the 
refugees and members of the labour battalions a threatened epidemic of eholers 
assumed serious proportion Over 50000 were inoculated In 150000 refuge s of 
which 05*^ were inoculated there were only a cases of cholera In the Madras Presi 
dency (194 -1944) approximately 4 4 million persons were inoculated m 194* * 

group of 140 745 inoculated there were 149 cases of cholera In the group of 94 cos 
umnoculated persons there were 3 jpj cases thus the incidence m the uninoculated 
was 10 9 limes the rate in the inocubted In the epidemic of 30 000 cases the mortality 
was 16 400 The mortality in the inocubted was 46 7^ and in the uninoculated 6j i% 
2637 cases occurred among the inocubted empbasiaiog that the inoculation i* not 
always protective 

Immunization by the Mouth — ^This method recommended by Bes 
redka in 1922 has been employed m Indo Chma and in the Malay States 
as well as in Russia A mixture of the dried vacane is known as bili 
vaccine and is made up into pills Generally they are harmless, but 
sometimes they give rise to diarrhoea The vaccine is made from dense 
suspensions of the cholera organisms killed by heat carbolic acid or 
alcohol and is given m from 3 to 5 doses ranging up to 100 cc every other 
day Each dose consists of 10 to 100 milliards of vibrio or o ox to o i S™ 
of the dried organisms 

Vickers m 1918 in the Malay States made a companson between the us® 
usual vaccine given subcutaneously and Besredkas bilivaccine administered otiUy 

I Ordinary Subcutaneous Vaccine —One dose only {0 s cc = 4000 million organ 

isms) given to 17 160 persons Of these the percentage attacked was 034 ‘ ' 

fatality rate among those attacked wa» 37 3 pec cent 

Two doses (together 12 000 millions) 8481 persons The percentage attacked w 


037 fatality rate 6 s per cent 

Not inoculated 29 2S4 percentage attacked r 67 fatality rate 37 6 per cent m 
the relative numbers of cases among the unvaccinated was 4 j times as large as among 
the vacemited and the percentage case mortality as compared with that among t“ 

receivmg^h^dos^^ vaccine Orally— The full course of 3 doses (= 200 000 nulbo” 
organisms) was given to 49^* persons tie percentage attacked tbeca 
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mortality was 21 2 percent Of 11 004 untreated *02 per cent were attached and the 
latalily rate among thes^ was 41 Qpei cent The tAimber of casts among the unpro 
tected controls was therefore 56 times that aming the vaccinated and the fatality 
rate was nearly double 

It would appe r from these 6gures that the hill course of the bUi vac jne confers 
pract tally the same degree of protecbon as the ordinary vaccine administered sub 
cutaneously but the immunity conferred by a stn^ inoculation is nearly as high as that 
from the full cour e of the bil vaccine The fatality rate however was i 7 times as 
great afte a single inoculation but only one third when the full dose was injected as 
compared with the oral bill vaccme 

Scott points out that the difficulty of interpreting satisfactoril) and fairly the result 
of vaccinations used prophylactically where a do es ate given is made greater by the 
tact that an outbre k may die down spontaneously by the t me the second dose of 
vaccine is given 

Russell (1927 igjgl basal omadeacomparabvetestof theresults obta ned by the 
use of anticholera vacCme given subcutaneously and of the oral use of biU vaccine 
He conside s that in the presence of a cholera epidemic there would be an objection to 
tbe adm niMiation of otal vattine on the ttound that it might increase susceptibility 
s the bill vaccine pills at t mes cau ed an acute diarrhoea 

In 144S V Ilages who were given adosesof aoti cholera vace ne there occurred d cases 
and t death but m 3084 persons ' ho rece ved 3 doses of bil vaccine 15 were attacked 
nd 4 died 

It IS reported that iii an epidemic in Tokyo where oral vaccioe was earn dout at the 
heigl t of the ep demic there were only 3 cases amoog 300 oeopeopl vaccinated while 
in the 3 eeoooo URvacem ted more (ban 600 cases wet noted Such etatistiei how 
ev r are f little value without many details Nothing is tiated as to whether the 
aceinatw s were performed among the more inteUigent and upper classes in the neigh 
horh di or whether all cUssesof people were inoculated 

The value of the oral method must still be regarded as suh yudies rhe value oi 
hacteii ph ge in prophylatis 1$ discussed below 

The United States Army vaccine now being distributed consists of a suspension 
f 8 000 trillion killed cholera vibrios (I eonma) per cube centimeter Theinital 
voccnat neon ts of two aubcuta eous inject ons of ch lera vacc ne with n inter al 
t f om aevesi to tea daya between the injectiona The hr t doae i o 5 c c and the 
econd do c cc of the vaccine A stimulating dose of cc of cholera vaccme 
should be administered eve y four to su months as long as serious danger of infection is 
present Othe icc doses of cholera vaerme may be given whenever m the opin on of 
the surgeon this additional stimulation of immuiuty is indicated 

The \ ALiiE or Cholera BACTERiopBAOt in Prophylaxis and 
Treatment 

It has been pointed out by D Herelle that bacteriophage is a thera 
peutic principle which develops in the infected individuals and lies it the 
basis of natural cure Applying this belief to the course of an epidemic 
Its nse IS due to the importation into a community of the cholera spiriUum 
which ts spread by various agenaes sach as water food flies etc Indi 
viduals are infected and convalescents develop and excrete bacteriophage 
which IS spread in a similar way and as more and more patients recover 
so the moie widely is the phage disseminated and the epideimc brought 
to an end 

D Herelle studied la the Campbell Hospital Calcutta 73 cases the patients being 
examined for bacteriophage on aiiival 10 to 20 houR after the onset of the illness It 
was reported that those having so b ctenophage died ui a few hours In 1911 h 
failed to isolaU phaj la i o casts in Indo Cb na alt of wbith died Two however 
who were passing very active phage although very iH both recovered In3th phage 
was weak and became weaker untJ it disappeared and all 3 died In 13 it was reported 
weak at first but rapidly became stronger attaining a maximum 10 24 to 48 hours All 
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these recovered Id igjo he aad hts assocotei investigated the question on beW! 
ol the Govecfiineat ol ladia In a tout o{ t^S cases of cholera 74 rtceived bscttna 
phage tfeattneat pf whota only 6 died whde as a senes of m cases art receamithf 
phage treatment the motlahty rate 78 per cent 

■Mansoa and Vardon (rgsgl used a combined dystntery cholera baetenopha tm 
twoepidenucsofcbolerainAssam Theraortalityintheca esreceinugnobactenopha e 
was 75 8 per cent while in the cases tecnvuig bactenophage treatosent it was 9 p« 
cent Usually they employed » csibic centisneiers ol phage given 4 times dailv hy 
the mouth while serious cases recetved cubic centimeters intravenously in hypertowc 
sqIuUoq 

On the other band Souehard (ipjo) failed to obtain any benefit from tie use of 
bacteriophage and in his senes ot cbolers cases treated Bith it there nasa mortaiit) 
ot 24 nut of 1; 

Taylor (1958) reports that results obtained in Calcutta show no appreciable differ 
ence in the death rate of case tmated by bsclenophage and the control senes but that 
a certain value attaches to bactenopbage treatment when it is added toordmsry m'th 
ods of ueatmenl when only the 6gtires for case* m which agelutiusWe nbfios sitft 
isolated from the stools are tahen uato account 

Pssneha (1939) reports that at the Campbell Hospital at Calcutta altogether rtf 
clolera patients were treated by 5 different methods during a period of 5 weeks «h<» 
the incidence of the di ease a as btgb 

The treatment OJMisted of (1} divided dosesnf calomel (j) potassium petuangaiialf 
(3) essential oils (4) bacteriophage and (5) M & B 693 (a siiJpbamJyl smiat>pyridiB<J 
These different treatments vrtre given W po 40 47 44 #nd a patients rcsptcmeiy 
with percentage taortalities of 189 185 >07 43 and ro Thus tb« mortality «« 
lonest la the group treated nith baclenopbsge 

The results of cholefapbage therapy were striking and fufliciently encffurajun. W 
justify the adoption of bacteriophage as a routine tnrasure m the treatment cl che^f* 
It n suggested that oiher methods should be compared with th» results ol bacterwphs « 
therapy The results of treatment m this eaperimeot ate staled to be better than th^ 
obtained previously by rawicha el of ts >936 Tbebstteriephage used aw prepared 
by a somewhat modified method in which the strains used for the propagation of 
bacteriophage weceaddedi&graupsat hourly wtervals to the seed baetenopbage The 
bacteriopbage was filtered two hours after tbe addition of the last batch of straws of 
cholera iubfio Pasiicha ti a! posni out ibat the rmporlance of this expenment h** 
la the fact that the diffeteac oietbods of treatment were carried out at tie same time 
during tbe mawmaiii inadeiwe of tbe disease m tbe same ward and anjongst pw * 
mow or Jess the same strata of socrely Briefly ihe results obtained by the s diorrm 
mttbods of treatment described demonstrate that bacteciopbage gives tbe best thers 
pcuti results blorison and Rice (1934) bad somewhat sicvilat results 

Asheshov Khan and Lain (1936) have reported very favorably upon the bacterio 
pbsge treatment of i-boJera when rt is given simultaneously with hypertonic satoe 
They recomm nd giving bacteriophage by the raouUi tn r dram doses every sommutes 

undiluted Two baU'es of bactexwpbage eaclicoataimngsoce sbouldbegivenmi 

bsmrs Dunsg the following 34 to 48 hours anolhet jotc mi'’ht be 6*"“ , 
also employed bacteriophage ui muavenoiu inoculation m doses of 5 cc coasiderao s 
diluted in order to prevent the occurrence of anaphylactic shock. 

In regard to individual prophyiaus m India m tgsS :n 4 viilages 
t-aj receit ed no phage md 6$ (63 5 per cent) died 47 recen ed phage and 
ocd> ^(73 psr cent) died The mode of administration to patients was 
as {ollows s cc of culture were Added to 10 cc oi ivalcr and suaHone 
by the patient, 4 cc m 40 to 50 <x of water were left with tbe individual 
and a tablespoonful was to be taken every hour Ivert day if the con 
dition was stiU serious 3 doses of s cc were repeated There nas no 
selection of cases Tbose refusing the treatment served as controls 
Twenty were so treated and o died (8 5 per cent) Of the s4o who 
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refused treatment 143 (60 per cent) died It was believed that the effect 
depended particularly on the vinilenceof the phage rather than theamount 

Bactenophage m Prophylaxis — Monsoa (1932) has added phage 
in a number of instances to natersuppbesin Assam and has claimed good 
results Two areas were selected one being kept as a control la the 
test district receiving bacteriophage the area remamed free from cholera 
for S successive epidemic seasons while m the control area there was one 
outbreak each season 

Asheshov (1930) believed that there are 3 strains or types of cholera 
phage which he designated as A B and C He was of the opinion that 
all 3 must be present to be effective against cholera vibrios Mialures 
of all 3 were tried as a prophylactic measure by adding to the water of 
wells 50 cc of the phage in the village and town in one district in Behar 
with the result that there was a marked drop in the incidence of cholera 

Id Pun in 919 m cases an; ng aiofiiig the pilgrims the treatment of actual cases 
in he pvUU with baclttviphag* was disappointing &»tt (19J9) points out that at 
this time the necessity for the multiplicity ol the 3 phage elements bad not been reeo, 
meed He also points out that to c mpare thefatahtiesin 1 ep demies oneinwhcbtbe 
ph ge was used while in a other it was not is fallacious because the case mo tality 
vanes too widely m d Serent ouibreaksf roompan on to have any vdl d ty Also to 
add phage to a water supply before a village is attacked is open to the rejoinder th t 
the infection aught not be traduced at all or if it were the type might be mild 

To illustcate an e ample of the ase of bacteriophage in praphyUcis he points out 
tb tmigsy m a village in India of 345 dwell ngs thewatersupplyconasiedofgpiivate 
and >3 public wells On August 2 there were 6 cases ol cholera and 3 deaths and the 
ne t day 6 cases and 2 deaths On August 4 3 cc of potent bactenophage weie added 
to s wells m the contaminated area There was only one case subsequently On 
another occas on 40 ce of bacteriophage were passed into the water supply of 10 villages 
m wbich chilera bad etisted for a long time with a high fatal ly rate In a day or two 
the epidemic ceased He remarks that thu seems to be too dramatic to be merely a 
coincidence 

The use of baoteriophage as a prophylactic has also been employed in Habiganj and 
Now^ong ID 1934 The deci ions regarding its valu however we e apparently 

Scott drew the coticluvion from them that the use of cholera phage 
when employed alone on a large scale as a preventive must be regarded 
as still sub judice but that as a means of liimting spread of the disease 
bactenophage alone is at least as effective as inoculation when the latter 
IS u ed as a preventive measure alter the appearance of the disease 

Rice ( 934] and h s associates after a careful study of Bacteriophage m the treat 
me l a d prevention ol cholera concluded that the t results established a sulS lent 
probability in favour of a & n he nt effect gt the wdounistration of bacltfiophage to 
lorm a basis of pract cal policy in the treatment and pre ention of cholera m villages 

B uceVVh te (ipj8) has reportedfbatallstrans f frirweip/rrar from Indian sources 
were found by him to carry a p rt c tar bactenophage the LL choleraph ge whe eas in 
no strains of the v bnos he obtained from the Dutch E vt Indi 5 was this phage found 
Itwas also not fou dm the El Tor vibno He sngg sts this may facilitate diagno is of 
these st s 

TncATicEm 

Some authorities have emphasuod that in the treatment of cholera 
one must aim at (i) the destruction and removal of the cholera vibnos 
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from the body (?) the ceutralixatioa of the tojnns, (3) the preventioD 
of secondary infections through the damaged mucosa of the mtestioe asd 
(4) the relief of unfavorable symptoms However we know today tbl 
Tve cannot by any known treatment accomplish anything of importaaa 
m regard to the first three of these measures ^VTiat however we can 
hope to accomplish by direct treatment is ft) to replace the great loss of 
fluid from the body which occurs so commonly in cholera and at the 
same time dinumsh the toxaemia and (a) prev ent the occurrence of 
urattma 

While It IS desirable to discuss the treatment of cholera separately 
for each of the cUmcal stages of the disease it should be borce in mind 
that throughout the course the treatment must above all be symptomatic 
It w important that the cholera patient rcceuc treatment from the onset 
of the infection and everything that is possible should he done to present 
his strength 

Sufficient stress has often not been laid upon the treatment of the 
first stage of the disease tiaoacl} the incubative one During epidemics 
the people should be advised to seek medical attention upon the appear 
ante of any gastio intestinal disturbance If the patient comes undn 
observation jn the fint stage, m which diarrhoea is the most definite aao 
common symptom he should be immediately placed at rest and kept 10 
bed the evacuations being received in a bed pan He should be utJdis 
turbed by unnecessary bathing ebanpng of bed Jinen etc It it pat 
ticuiarly desirable that he should not be moved An attempt should be 
made to check the premonitory looseners of the bowels No food should 
be allowed other than ncc or batley water Morphine gram H 

atropin (gram Hso) hypoderaucally or chlorodyne minims 15 by mouth 
have been recommended and during the first 24 hours are often of seewet 
Beyond this time these drugs should not be adrmnistered It has been 
asserted that if the diarrhoea is arrested and the intestine set at rest for 
example by some form of opium a better opportunity is offered for the 
cholera vibno to multiply and elaborate its toxin Actually however 
such a condition does not seem to result and while opium should not be 
employed m the later stages of the disease its use is not contraindicate 
dunng the incubative stage 

Long expencoce with the use of castor oil neutral salts, and other 
purgatives including calomel has demonstrated that treatment wit 
these drugs frequently if not usually exercises an unfavorable mSuence 
over the course of the disease la the human intestine the cholera 
organism multiplies most rapidly 10 a fluid medium moreover the acUoB 
of these purgatives tends to increase the catarrhal condition and impair Ine 
resisting power of the mucous membrane of the uvtcstme 
the purgative treatment during this stage cannot he recammended an 
the jndicatwM ate to hnut pemtaJsis and to put the intestine at res 
Practically all the intestinal disinfectants that could be tried by the mou 
have also been made use of dunag the premonitory stage but ^ 
without satisfactory result Either th«e substances become too duu e 



before thc> reach the organism in the lumen of the intestine or the bacteria 
ha\ e already penetrated too deeply into the glands of the mucosa for the 
disinfectants to reach them Formerly calomel m divided doses con 
tinned for one or two days was recommended by several authorities 

Rogers preMOusly employed a single dose of chlorodyne followed by astringent 
remedies such as kmo and dilute sulpbnnc aad More recently he recommended 
permanganate of potash He bcl eved that the peimangatiate acts by otidizine the 
cholera toxins thus destroying or rendering them inocuous The quantities given of 
cour e are too small to destroy the oiganisins themsel e$ He advised that the per 
manganate of potash be powdered finely mixed w th kaolin and made up with vaselm 
into 2 gr (o a gm ) pills and then coated with melted salol or i part of salol with 5 
parts of sandarac varnish or with Leratm It u said that these pills dissolve in the 
small bowel and give oS the permanganate slowly without irnt t ng the mucous mem 
brane In acute eases gr (o la gm ) may be given every quarter of an hour for the 
first 2 to 4 hours and then a gr (o ti gin) every half hoar until the color of the stool 
changes to greenish or yellow As much as 50 to too gr (3 25 to 6 5 gm ) of perman 
ganate have often been given by bin in the course of from 12 to 24 hours He has 
also used solutions of permanganate given to the patient to dnnk but he remarks that 
the patients sometimes object to the astringent taste of the drug It has not been 
determined however that the permanganate given m this way has sufficiently de true 
tive action upon the cholera organism or its toxin m (he human intestine to exert any 
favorable infiuence on the patient Long experience has demonstrated that it is 
better not to adnu ister by the mouth a yth that is not essential for the patient 
and that the best results are to be obtained by bringing about as complete a rest of the 
intestine as possible 

Subsidiary Measures — A suspension of aluminium sdicaie (kaolin) by the mouth 
has been particularly recommended by a number of observers f om the ons t f the 
cholera symptoms and throughout the course of the disease especially with the idea 
of preventing the absorption of the cholera toxins from (he intestinal tract 

In earlier years favorable results were reported from its use by Stump! in the Serbian 
epidemic kuhae in the Balkan wars I\alker( 93 ) in India and others The kaolin 
powder to grm is suspended in $occ of water and it ts recommended that a glass 
full of this be s pped every hour or every half hour during the day Hot more than 

6 glasses full 0! 200 gms should be taken in the first 12 tiours On the whole however 
more recent results of treatment with tb dru, have not been sufficiently favorable 
to advocate its use 

Treatment by essential oil has been especially recommended for tre tment in 
India and is stiU employed by some as one of the stand d methods of treatment for 
the natives m that country Tomb and bis associates who have espec Ily recom 
mended it believe that it has not only (he property of reduc ng ch mortality but also 
has prophylactic value The foUowing p esenpti n is recommended 

I^ Sp aether 
01 ams 
01 cajuput 
01 )un p 

Acid sulph aromat 

Half a drachm IS given m half an ounceof water every quarter of an hour The average 
total dose sboull be 8 drachms 

Tomb has claimed that m 93 p r e t of the cases a recovery takes place w tbiu 

7 hours of the onset and that vomiting purging and intestinal distress app ar to be 
immediately controled 

However Chopra (1936) reports that while with this treatment the 
mortahty m some senes was reduced to 20 5 per cent m collapse cases 
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the death rate was still 72 per cent, whereas m cases treated with hjper 
tonic saline solution m collapse cases the death rate was sometimes as low 
as 20 per cent He also reports that essential oils mixture is sometimes 
irritant to the stomach and may produce sudden suppression of urine 

The sxtljonamries Pasricha and his associates (1939) have treated 44 
cases of cholera with M & B 693 (2 sulphaniljl aminopjridme) How 
ever, the mortality was apparently the same as w’lth a group of cases 
treated with essential oils and was not as good as those treated by bac 
teriophage (p 638) 

Chopra (1941) and his associates have reported upon the treatment of 
a series of 218 cases of cholera with sulfaguamdinezxiA that it had reduced 
the mortality In the saline treated cases the mortality was reported as 
6 38% and in the cases treated with sulfaguanidme only 3 2% These 
figures are difficult to understand since the mortality of 638^ in saline 
treated cases is far lower than has ever previously been reported m viru 
lent infections Moreover, Carruthers (194 ) hasmadeacarefuUtudyof 
SO cholera cases in India treated with suUanlvguamdme and compared 
them with 88 cases that served as controls He concluded that the treat 
ment of cholera by sulfaguanidme was not shown to be of value The 
dosage employed was m accordance with that employed by Lyon in 
bacillary dysentery The mortality in the control group was and in 
the sulfanlyguanidine group 14% 

Wilkinson (1943) reports that m the epidemic in Hong Kong (193^ 
1941) sulfaguanidme was tried but the results were doubtful 

Huang (1944) has reported upon the treatment of 2 patients with 
Asiatic cliolera members of a labor battalion Only t patient died He 
States that although he was afraid that the tablets of sulfaguanidme 
would be expelled by vomiting this occurred in onh 3 cases Only 
1 patient died 

In the study carried out m 1943 m the Madras Presidency there was 
a mortahly of 36 6 per cent m the 314 treated cases and a mortality of 
43 5 per cent in the 356 controls In the series of 53 cases treated with 
sulphasuxidine the mortality rate was the same as that of the controls 
In view of these reports obviously further studies will be necessarv to 
determine the value of this remedy in cholera 

The premonitory stage of cholera jiarticulariy during epidemics may 
either be overlooked or be absent or at all events when the patient 
reaches the hands of the physician this stage has frequently been passed 
and that of evacuation already begun Dunng this period of the disease 
as mentioned purging and vomiting are the most frequent symptoms 
Hot fomentations and mustard plasters applied to the abdomen and small 
pieces of ice given internally may be of some value in checking the vomit 
mg All medicine by the mouth with the exception sometimes of dilute 
solutions of cocain gr in i teaspoonful of water are of little avail 
alcohol lb contra indicated washing out of the stomach has given rise 
to no good results ind even attempts to remove by means of gastnc 
irrigation the cholera poison which it has been claimed by some observers 



IS excreted, by the gistnc mucosa hive failed The treatment m this 
stage therefore resolves itself mto an attempt to secure as complete 
physical and phv siological rest for the patient as po sible and to conserve 
the body heat by hot water bottles rather than by too heavy bedclothing 
The cramps m the muscles frequently require treatment bj massage or 
bni f inhalations of chloroform 

The maioritj of cases during epidemics come under ob ervation of the 
physician in the stage of copious eacuation or of collapse The great 
problem in this stage is to restore or maintain the circulation and if this 
can be done successfully and the functions of the kidne> maintained 
recovery will usually occur During the stage of collapse or even when 
It seems likely to occur opium should never beemployed since it mav add 
to the factors which produce anuru later in the disease During the 
stage of collapse the pulse the blood pressure and the specific gravity 
of the blood furnish the roost important indications for treatment If 
the pulse m the radial artery is present and the blood pressure not too 
greatly reduced the patient requires little treatment beyond that to 
cotiserv e the body heat If on the other hand the pulse loses v olume and 
power and becomes weak and thready stimulants are indicated Injec 
tions of digCahn gr ^loo may be given to stimulate the cardiac action 
Hypodermics of 4-6 ingm of adrenalin have also been recommended 

Intravenous Injections of Salue Sotutioas — By far the most valuable 
treatment of all in the stage of collapse consists m the intravenous mjec 
tion of saline solution which should be administered m all grave cases 
However hypodermic administration of stimulants as indicated above 
may be necessary in the interval before or during the introduction of the 
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saline solution Over half the cholera cases m severe epidemics require 
intravenous injection for collapse After the intravenous injection of 
salt solubon even in cases in profound collap e provided a sufBaent 
amount has been introduced the pulse returns at the wrist the face lose* 
its pinched expression the tissues lose their shrunken appearance cjanosis 
disappears and v, armth returns to the skin The pulse and blood pressure 
serve as an indicator of the amount to be introduced WTiea the pulse 
teaches sufficient volume and the blood pressure has been restored mjec 
tions should be discontmued Obviously the sahne injection should not 
be carried to a point where the pulse becomes too bounding and the blood 
pressure is increased much beyond its normal hunt 

In cases of moderate seventy 3 liters of saUtie solution may be injected 
within 30 to 30 minutes time and it will often be necessarj to repeat the 
injections at intervals of from 6 to 8 hours throughout the day and night 
Sellards found that the average patient requires the intravenous injection 
of 2 liters of fluid every 6 or 8 hours for one or two days 

The question w 11 anse as to whether th« saboe solutioB should be given mtrave 
nously 01 tubcuuneously If there is no radul pulse to be d stinguisbed the injection 
ahoutd unquestionably be given intravenously in such instances subcutaneous uijee 
tions cannot be absorbed m time to be of any value aodwbentbe subcutaneous method 
of injection fails entirely the intravenous method sometimes gives excellent results 
The writer has not observed serious results when the solution has been injected judi 
Clou ly However a rigor dunsg or foUo’eing inject on 1 not uncommon The 
intravenous injection may be supplemented later by subcutaneous injections and in 
mild cases copious saline enemata alone may be given frequently 

Perhaps nowhere m mediane do we see the beneficial effects of treat 
ment demonstrated to a greater degree than in the proper emplo> meat of 
mtravenous injections of saline solution in the state of collapse in cholera 
Many lives are apparently saved by this procedure and the mortality of 
cholera can undoubtedly be reduced by this method of treatment How 
ever in the great majority of cases after intravenous injections the purg 
mg returns often accompamed by the other symptoms of the stage of 
collapse Hence constant attention must be paid to the pulse and to the 
blood pressure in relation to the reiolroduction of sahne volution Some 
times It 13 necessary to continue transfusion at intervals dunng a period 
of 48 hours or longer and some patients apparently moribund may require 
injections of the fluid every 3 or 3 bouts during 24 to 36 hours Rogers 
lays stress on the Specific gravity of the blood as a guide Blumer how 
ever has shown that the e timation of the haemoglobin by an accurate 
method serves the same purpose Moreover Sellards (1936) believes 
that the character of the pulse is usually a sufficient guide and that 
fluid should be supplied freely before the specific gravity of the blood is 
increased beyond normal bouts 

The other treatment of the stage of cmllapse consists chiefly in stimu 
lation as indicated b> means of fuU doses of digitalm by conserving the 
body heat by allaynng thirst by sips of iced water and by treatment of 
the distress and pain However hypodermic injecUons of morphine 
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should only be employed in cases with se\ere pam after other measures 
such as the appbcation of heat massage, and even brief inhalations of 
chloroform have been unsuccessfully tned 

Profound cyanosis and apnoea are other symptoms svhich may occur dunn the 
stage of collapse which require speedy and special treatment These conditions may 
be brought about partly by the spasm of the pulmonary aitenes the lung refusio to 
transmit the thickened blood Frequently only by immediate action can such a case 
be saved for after coagula have developed in the nght heart death is inevitable The 
administration of nitnte of amyl or nitroglycerin to overcome the spasm of the pul 
monary arteries together with rapid intravenous injection of saline solution is urgently 
indicated in cases with such symptoms 

Composition of Solutions for Intravenons Injection —W ith the object of preventing 
the rapid loss of fluid from the body which generally recurs after transfusion with 
normal sodium chloride solution a number of other solutions have been recommended 
There seems to be no doubt that the chloride content of the blood is decreased m nearly 
all severe cases of cholera but in the first 3 days of the disease aceordmg to the results 
performed m the writer s bboratones in hlanila we can scarcely speak of a greater loss 
in the salts than would correspond to that of the water Keference has also been made 
to the fact that in the late stages of the disease the blood again show s an almost normal 
content of water but the salts are not replaced to the normal amount therefore the 
blood at this stage has a diminished salt content and is hypotonic Rogers however 
has recommended a hypertonic solution for treatment at any time dunng collapse 
He advises for general adoption for either subcutaneous intrapentoneal or intravenous 
injections the following formula 


Sodium chlorid 
Calcium chlorid 
Potassium chlorid 
Water (sterilized) 


gr I so (8 gm ) 
gf 4 (0 »S g® ) 
gr 6 (0 4 gm } 

1 pt (568 cc ) 


During an epidemic of cholera in Manila Sellards and McLau him treated two 
senes of cases one with isotonic (08$ per cent) and the other with hypertonic salt 
solution The bypertomc solution contained 1 3 per cent sodium chloride the ealciuni 
and potassium salts being the same as in Ringer s solution The mortality in the 
cases treated with the isotonic and with the bypertomc solution was practically the 
same and no advantages whatever were demonstrated for the use of the bypertomc 
solution 

Strauss beheving that hypertonic sodium chlonde solutions in large doses do barm 
to an already damaged epithebum of the kidney has advised the use of an isotonic 
4H cent glucose solution for treatment and Kauch a 5 per cent solution of glucose 
for subcutaneous injection and a 10 per cent one for intravenous injection Banerjee 
(1938) has employed 2S“5o cc of a 25 per cent sofution in some ca es 

Temperature of the Fluid — Owing to the fact that the temperature may he 
normal in the collapse stage it is important that the saline solution injected should be 
several degrees above the normal temperature Nichols and Andrews have recom 
mended that the fluid in the vessel contaming the solution should be at a tempersWie 
of at least 43 C (109 4 F ) They found that the solution after passing through the 
tube and needle would then have a temperature of not more than 4-6 F above the 
normal temperature when it enters the vem Banerjee (1938) employs injections of a 
temperature as many degrees above the normal temperature as the rectal temperature 
of the patient is below it If there u hypetpyrema the temperature of the injecting 
fluid should be lower and may be between 80-90 F The intravenous injection sboul 
be given slowly at the rate of not more than 4 oz {i lo cc ) a minute the flow being 
slowed down to i oz {30 cc ) a minute should distress or headache occur 

Rectal Admimstration of Salme Sotntuai.— Dunng the stage of collapse 
important decision to be made in treatment is whether the saline solution shall e 
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given intravenously subcutaneously or per rectum Onless the clinical appearance 
or the blood pressure demand the intravenous mjection the solution should be given 
per rectum No case should receive an intravenous inject on unless the indications 
ate decidedly in iavot at such liealment The indi eliminate us« of intravenous 
injections of sal ne m cholera is d ngerous Gteenwitd has recently shown that all 
sodium salts injected in exces are toticand that there is produced a sudden and marked 
d sturbance of the relation between sodium ions and other cations It should also be 
borne in mind that after inlravenoua injections the return of the symptoms of evacuation 
IS usual Even in seve e cases where it is necessary to give intr venous injections 
It IS al 0 advisable that mjections of fluid per rectum be gi en In the slage of evacua 
tion much of the fluid wfll be rejected some is usually retamed and m mild cases 
the need of intravenous injections li often avoided O e half liter of the sahne or 
alkaline solution may be g v en every a hours until the collapse stage is passed 

Other Treatment m the Collapse Stage —In addition to the above 
methods of treatment much fluid may be taken into the system b> the 
mouth It IS useless to give large quantities at a time on aecount of the 
vomiting but by allowing an ounceor tRO at a time with short intervals 
the patient will frequently retain a large amount When the tempera 
ture ID the rectum is not below norma) ice may be given to suck Dilute 
acids both mineral and organic have Ixen recommended from time to 
tune in the treatment of cholera but this method of treatment has been 
generally given up as being of no advantage The permanganate treat 
ment has already been discussed 

Treatment of Anuna and Uraemia — It bas been emphasized that 
in the stage of collapse suppression of urine often occurs Every eSort 
must be made to restore the blood pressure to normal By far the most 
important symptom requiring treatment in cholera apart from the stage 
of collapse is that of anuria and the restoration of the urinary excretion 
IS the most important symptom m determining the prognosis after the 
patient has survived the stage of evacuation 

It is of interest to recall the statistics collected by Rumph and Frankel 
in relation to this symptom Of About 700 caves of cholera m which no 
anuria existed even in the first days of the attack although the urinary 
secretion was considerably dimmished only about 4 j per cent died In 
1000 cases in which anuna was ob erved S7 * per cent died 

Coffee m small amounts by the mouth if it can be bo n by the patient or caffeine 
nilhsod um benzoate 5 gr may be of some sbgbt benefit during the stage of collapse in 
stimulating the acti n of the heart and kidneys and d gitabs is sometimes indicated 
Stimulating diuretics in general hoireve should not be employed in cholera u emia 
The r use is of doubtful be efit and they frequently do harm Cuppi g sweating and 
hot packs are not to be r commended for the tteatene t of the uraemic symptom 

Recently Sellards has emphasized tie f ct that the rebel of uraemia m chol ra is 
intimately connected with the problems concerning the itealme t of acidosis In the 
St dy of the unne in this d s ase be found an almost constant increase in the e c ton 
of ammon and that ch lera patients showed a d stinci tolerance to alkalis that is a 
considerable e cess of sodium bicarbonate was required to render the unne alkaline s 
compared with normal individ al Tims he found that e n after relatively enormous 
injections of bicarbonate of soda (go gm) the unoe of cholera patients sometimes 
rema ns sharply acid w h le m normal indiv du basmsU amount (3 to 5 gm )i sufficient 
to change the re ct n f the urine f om acid to alkaline Wore recent investigations 
demonstrated that thu tolerance to bicarbimate is due to an atidos s ci more correctly 
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with the Slim n^f ^ ®5*^'^®P^*ficgra'ttyQ{bhebloo<iittconnectK3a 
ob^r^fth. ? , »g also important to 

cathS m IS obtained 

solution ^ admitustratioti of sodium bicarbonate 

Collapse a ** *H:att Seliards recommeoded during the stage ef 

without the additiMot .n * 5 J>*r teflt of b)carlwBate«agiubstitalfrf 

that the biearboDaL he m ^ j”* aroooiit of allcalj remains smaU »t n ncoientcM 

0/ 0 ‘ per “„t a, * V *e,Uy .Igaline wluWa 

collapse Ife ei,nh«^l.^?? *.* '*** treatintBt of Ibt »Ug« of 

« tonMe an/^B .V to use bicarbonate .od not the wrosl 

a« mth whJh w.,^ ^ c^cU'-procautioosmust betai«, 07 .atcoimtoflhe 

sXiMf ^ »fhona(e by best Tbe b.citboaste 

«ay be »t««5«ed li « •““***»'* «» *0 atmosphere 0/ carboo dioxide or tiiy 

the Mlution aft« eig^ *'«sct<nda<twaniofsierj!eeaibMni«>iidepa rilhrMijli 

* Sroupo <>$ cast j of ^lera one treated with sodium eblonda 
Set«c‘ was tbe important tbiucai 

SflioribirrisulM e«“P kcaifaon^e The only 

in cholera » iSp .or,. ^ ^*** observed from the injectma of aikahne soJuPOos 

mild eoavul.ion. sooetimes of a moderate and temporary haemstuna sad 

Md marhave r,.Po!? *! *««rt«oce, however have oofy ve^tx^ly been observed 
The^ium «rL “*r ‘ «'«‘ven«n of sodium bicar^naU to carbonate 

jgjjl icMhonaie even in 4 or 5 per cent solutions has 00 haemolyrin? 

IS not^d'inTto^^^lo'^** tetany which occurs after large doses of sodium bicatboflate 
hat ihl tf * cn^u the high concentmuon of sodium salts He points out 

the concfnfrition < * ®PP”^*^^*t*bcioj«ctionofsodmm caiboEiteot bicarbonate 

iftei the imechon of^r ‘^f “*« convulsions appear 

the iliahnSZ. ^■’ecrs states that as tbe «e of 

th alkaline solution produced such a great reducftoo (70 per cent) in tbe deaths from 
eoSfr^nf IT" «d«ctson « the alkalinity idle biold was found to be 

hr.o,t l,i« Cholera he eeromaMids first in aU casts which are treated 

I Mdium bicarbonatesofutwn uti'ess the urine is found to have 
been already rendered alkaline Sellaids bd«v„ that the early and persistent use of 
alk^is has practically eliminated death from uraema m cholera 

-J-urnbull (19^3) BOW employ, , routine treatment which consists la administering 

Brst intravenously soiumbu^rWwsdogr sodium chlonde 60 gr wateripmtvo 

order to counteract acidosi, This « foBoaed by intravenous hypertonic salt soJuPon 
The fluid IS stopped when the puls* wd Mood pressure relurn to normal and the sUte 
of the pulse is the index for repedpoo of (he treatment Atropise Ho gr is given twice 
daily lo prevent pultnonary oedema The sens of eases treated numbered 400 and 
500 and (he deaths ss to 40 
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Banerjee (1939) has called attention to n Kita] failure type of cholera m which 
hypochloraeima may be ol more importance tiian simple dehydration He suggest, 
that the absorption of bstamine may m some cases be responsible for the profound 
fall of blood pressure Chatterjee (1940) has found that histidine in culture media is 
transformed by the cholera vibrio into hisatmme 

Massias (1938) has also emphasiaed the grave features of cholera due to hypo 
chlor emia and believes that chloropaema may be a more important symptom than 
dehydration In treatment of such cases be injects intravenously 20 cc of a so per 
cent solution of sodium chloride Thedoseisrepeatedrahourslaterifnecessary The 
mortality was thus lowered to 22 per cent He suggests that a 10 per cent solution 
may be an even better concentration than 20 per cent but certainly a 30 per cent 
concentration is harmful produang tachypnoea and arterial hypertension 

Dunng some outbreahs of cholera the nurtality among those receivmg saline 
1 sections may he higher than among those who are treated differently Thomas and 
Ting (1938) have found that unfavorable symptoms followmg intravenous injections 
may be due to pyrogenic substances in the distilled water used for the injection 
Obviou ly e ery precaution must be taken to insure that the saline introduced into the 
vein 1$ stenle and all precautions to insure this cannot be too carefully carried out 
If this IS done untoward reactions and ngots ate usually avoided 

Treatment of Stage of Reaction — After a patient has survived the 
collapse stage and has entered upon the stage of reaction it must be 
borne m mind that he is by no means out of danger and also that collapse 
may recur The 1 great sources of anxiety are 

(i) Tbatthebodytempcralurensesaodbyperpyrevamsyoccur and (s) continued 
f lure of the kidneys to secrete may end in uraemia The stage of reaction u usually 
accompanied by some me in temperature and the intravenous injections may them 
s I es sometimes give nse to a moderate mcrease 10 temperature For the treatment 
of hyperpyre a copious enemaca of iced saline solution are recommended Ice should 
be applied to the head a d cold sponging should be employed until the temperature 
falls A surface temperatureofo er 103 s andarectaloneofoverros are ingestions 
f r such treatment The patient of course should not be surrounded with hot water 
bottles when the temperature is elevated and indeed these should be used even in the 
stage of collapse only when the temperature is subnornut Drugs must not be given 
or only employed caut ously in (be stage of react on to check the diarrhoea as such 
treatment seems to lead to an mere sed absorption of toxins through the damaged 
intestinal mucous membrane Opium and lead are particularly dangerous at this 
stage astheyp di pose to the condit on of uraemia the treatmentof whichbasalready 
been discussed Should the tongu be coated and the secretion of bile violently inter 
fered with the administration of calomel in small doses maybe employed During the 
stage of reaction should slight pred sposilioii to uraem a c ntinue alkaline saline solu 
tion may be given per rectum by the drop raelbod according to the following formula 
Sodium cblotid 14 gm 

Sodium carbonate (crystallixed) 15 to 30 gm 

Water looocc 

The temperature of the solubon on delivery into the rectum should not be below 
05 F in order to favor retention When the kidneys begin to seer te freely the con 
ccntrationof the alkali salts may be seduced If Iheuraemic symptoms are more urgent 
then intravenous injection of alkali should again be employed according to the procedure 
recommended during the later stages of allapse In cases in which the blood pressure 
rem ns persistently low during the stage of reaction pitu tnn or adrenalin solution 
hypodermically a e sometimes of benefit 

Naame has claimed particularly favorable results for adrenalin therapy in cholera 
giving 4 to 6 mg per day subcutaneously for several days together w th saline intrave 
nous injections He considers the cholera toxins in severe cases to na e an elective 
action on the suprarenal capsules Kc believes the gre t tolerance shown by the cholera 
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cc laifctM flr^WMn Mansoa Bahr recommeods piiuiUty ««swl 

is; SS" ™y k, „ ,b„. „ 

mtndTd^hv'^U ‘’“""e eP'deoMcs tlw followiaj procedures bi^ beei. iwo 

mended by the yedrwl Department of tie Untied States Army 
should h»*nrn ^ Tits IS the most tmportaitt therapeutic ohjecltve soil 

mou J It ^ adequately a«acked fluid, ,heuJd bfi ven 4 eralJy by 

contrjundicsttd by vonntms w nau ea U viUl usually he necessaj lo 
supp^ment oral adrainistration by parenteral infections This may be accpmpliiitd 
bv The iDtravenoas adumm&trabon of hypertonic saline solution prepared as follow 
Sodium chloride , 

“r, V.".: 

Distilled water 

This aids in replacing salts lost by diarrhoea and assists inretairmgCuidmlheblocd 
vessels thus tnaintaming the blood pressure sod increasing tie escretion of urine The 
** «qi«re two liters of this solulicn every 6 to 8 hours for oae 
j 1,. ^ injection should be given slowly and continuousiy and it aty he 

adv issbie to tie in a cattuls because of e*lrc«ie restlessness of collapsed veiw Ti 
pulse and blood pressure should be watched carefully and if there » no suitable r«pf>iiK 
to a given ityection it should be repealed iviUiin » or t hout* The mlravenouJ or wb- 
cuUneous administration of normal saiioe may be employed looo e c every 4 ioU” 
*'u-^ ” f«l‘«'«d In giving large amounts of parenteral fluid caution 
should be taken not to exceed l»e requirements for normal hydration V tuaeisd 
equipment permit specific gravity of (he blood may be used as a guide to fluid require- 
ments Pogera suggested this might be determined as follows 

t repare a senes of solutions of glycerin and distilSed water of specific graviUts 
aooaapatt fcom i ojo tc t 070 (i « 1 ogo (051 1054 etc) Race tmill portioM 
;/® ' "i *■’’ «<'««* »n *®aH bottles Place one drop of blood la each hot 

tie The specific gravity of the blood >5 indicated by the bottle in wbidi the drop of 
blood neither rises to the »op nor sink, to the bottom of the solution 

Administer the saline slowly and continuously Rogers suggested the amount 
given should depend on the specific gravity of the blood as follotrs 


If the sp gr 1 
If the sp gr I 
If the sp gt V 
If the sp gr i: 


I 06 j give I ooocc 
t ofiy give i 500 c c 
j C64 give 2 ooocc 
t c6i give c $00 c c 


Ilowever no fixed rule can be established for all cases and the amount adrmnisterrd 
should depend not only oa the specific gravity of the blood but also upon the blood 
pressure and pulse Repeat safioe injections every 4 hours until spctifc gravity of 
blood drops below toS, Tie nonnaf is i asfi to t agS If the patient is dchyd«t*d 
and equipment for determining specific gravity of the blood is not available adnumster 
hypertoniv. or normal Mlm« using judgment as to amount J hUips VanSlykeetel 
(1943^ have devised an improved method vsing coKier sulphate solutions of tno n 
accurate specific gravity 

Trtatmenl e/ Aadosn and Sapprtstin c/ Urwe—To combat anuria or marked 
acidosis use the foHoivicig solution intravenously 
Sodium chloride 
9 odiuifl bicarbonate 
Dislilled water 


5 76 grams 

iS as grains 


This wlutioa should not be sterilized by boiling or autoclaving as the temperatures 
reached during those procedures way ^ange the bcaibonate lo the causpc carbonate 

Seudder kat employed tJie method e/Sarhw tni Bantlliin 
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Ihe following technique may he employed Dissolve the sod um chlonde (s 75 grams) 
in the distilled water (icoo c c ) aodstenlizeby bo Iicg Remove from the heater and 
at once add sodium bicarbonate (i 3 »s grams) which has been taken d rectly from the 
or ginal coatiioer and weighed in a st nle vessel The solution should be cooled to 
body temperature and used at once This solution should be prepared and adminis- 
tered with great care and the^ol enlthsttvtiearejanyforttgnso} ttta yerclhe tnantfes 
laliartJ of alkalosts 

Co Irol of Shock — In Stage of collapse add 50 grams of glucose to each iQoo c c of 
sal ne solution administe «d injecti g tior more than 1000 c c per Jo minutes or more 
than 400 grams of glucose daily If sugar appea i in the unne in ulm may be gi\en 
hvpode m cally as ndicated Glucose sointions for intravenous inject ons should be 
supplemented with 1 mgm thiamine hydrochloiide for each 50 grams of glucose If 
normal human serum or plasma is available for intravenous use it may be used as a 
neaos of (.ontroIUng shock but not as a substitute for other fluids wh ch are essential 
[serum or plasma have not yet been shown to be of salue in choler ) 

Keep the pat ent m bed and apply heat to the abdomen and extremities as long as 
equited Hatch the blood pressure and if beW 100 systol e gi e saline or plasma as 
indicated above 

Diet —During the acute stages of the disease nothing should be 
given by mouth with the exception of water or nee or barley water Too 
early administration 0! imik soups and jelbes containing animal albumin 
IS not advisable Upon resuming food after two or three da>s farinaceous 
substances should be giv en at first As long as the kidnev s are not acting 
freely an increase in the diet should not be made Patients should be 
kept m bed for several days after the acute symptoms have sub ided as 
sudden cardiac failure may occur in patients who sit up before convales 
cence commences 

Serum Treatment — The serum treatment of cholera has been very 
unsatisfactory Owing to the lack of success from the employment 0! 
bactericidal sera in the treatment of cholera many attempts were made 
to prepare antitoxic sera 

In the treatment of a senes of cases of cholera in Manila wuh two 
sera (prepared by Brown and Denier 0/ the Pasteur Institute) the results 
of treatment carried out by Denier were as follows 


Restrris or Sebum Tbeatusvt 


I J ct ons 

No 

of 

Cbolera puiBum 
not isolated 
hom the stooh 

Dead 

Re 

ered 

I ercentage 
of 

1 tnoitabty 

Controls 

Serum A ant to c 

Serum B antimiciob c 

5 

3 

13 

5 

3 

72 

40 


From this table it is evident that the cases which received the antitoxic 
serum were not benefited by it the mortality being even higher than 
in the ones which received no serum The number of cases which received 
the antimicrobic serum is too small to justify decided conclusions although 
the mortality is much lower 

The effect of treatment with other of these sera prepared with the 
idea of possessing antitoxic properUes was particularly observed m the 
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epidemic of cholera in Russia Ber£bensos of St Petersburg has reporttd 
upon 636 individuals who tvere treated with various cholera immune sera 
Those employed were the sera of Kraus Salimbeni SchunipoS and of 
Kolle, Camere and Tomarkin Of the cases treated with serum 311 
died or a mortalitj of st 2 per cent Since about one half of those 
attacked with cholera usuaU> recover with various methods of treatment 
the results offer no indication of any value for the serum treatment 
emplo>ed as a whole Other reports show that 133 cases were treated 
with the serum of Kraus and of Salimbeni m several different faospitab 
and the favorable effect of the serum as emplojed m these institutions 
appeared doubtful according to the reports of Kernig Ketscher and 
Jegunoff A number of other observers have also faded to see any 
fav orable action of the serum of Kraus upon the course of the disease or 
upon the mortality 

During the epidemic of cholera la the Balkan campaigns cholera 
serum was extensively employed for treatment but it is difficult to deter 
mine its value from the reports that have been made since it was uswJJ} 
employ ed at the same time with other well recognircd measures of efficacy 
The serum was obiamed from the Pasteur Institute in Pans from Berne 
Vienna and Dresden no difference m treatment being noted with the 
various samples It was generally given intravenously sometimts w 
saline solution in doses varying from 10 to loo cc The opinions regard 
ing Its efficacy were divided among the different Greek physicians Seme 
bebeved it to be of value while others saw no good results from its use 
In the Salonika Hospital the mortality of a senes of very severe cases 
treated with the serum m 40 to 80 cc doses according to Savas was SS 1 
per cent Sav as however considers that when the serum is given latra 
venously sufficiently early m the disease and in combination with sauce 
injections it is apparently productive of good results in many cases 

Ghosb {s 9J8) hss recently employed SDlicholem senim prepared wUh the object 
of obtaining both «ndo »nd exwtovm Forty seven caves of cholera w<r* *^“**°^ 
Calcutta tbesenimbcinggivtnb/lbeinliapenlODealroute Quantitiesoflrom?^ 

cc of tb« concentrated setam were green to a selected serits of cases la which toe bloo 

plasma had a specific gravity of *064 or over The mortality rate »n these apt was 
reported as approximately one half that of the cases treated by other methods Furtoec 
trials of this method are desirable 

From a consideration of these observations it will be seen that no one 
has reported a lower mortality in a large senes of cases treated with serum 
than has been obtained by careful treatment with intravenous injections 
of salHie and alkaline solutions The average mortality during 
cholera epidemics is usually from 50-60 pet cent In cases careSu! \ 
treated symptomatically with saline and alkaline injections this raortauO 
may often be reduced to about ao per c»nt 
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Definiiiom and Svnonyus 
Synonyms — Onental plague Black death Pest 
Defimbon — Plague is an acute febnle infectious disease characterized 
by inflammation of the lymphatics with the production of buboes septi 
caemia primary or secondary pneumonia petechial and diffuse haemor 
rhages and a high mortality The disease is caused by a bacterium of the 
haemorrhagic septicaemia group Pasleurello peslis found during life in the 
buboes and frequentl> in the blood At autops> of fatal cases it is 
invariably found in the blood and all the organs 

Plague IS primarily a disease of rats and other rodents m o.hich it 
exists ID both an acute and a chronic form The acute disease in the 
rat IS frequently septicaemic so that when certain species of rat fleas feed 
on the blood of their host they ingest plague bacilL EspeciaUy when the 
rats die such fleas will attack man and may cause human plague 

Bubonic plague is most commonly transmitted to man through the 
agency of fleas rat or human while primary pneumonic plague is usually 
transmitted from man to man aerially Pnmary septicaemic plague is 
most commonly caused by infection occurring through the mucous 
membranes with pathological material containing Pasteunlla pestts The 
most common nay in which plague spreads from one countr> to another 
and from one city to another is by means of infected rats usuall> on board 
ship but sometimes by railway or other conveyance Occasionally 
however it may be spread by the importation of either an ambulatory 
or more severe case of human plague Even with our present quarantine 
methods which arc often very eflioent it is practically impossible some 
times to eliminate entire danger of the importation of plague infection 

lIlSTORV AND GcOCKATinCAL DlSTRIBITIION 
History — Plague is the most fatal of all epidemic diseases and its 
tragic history is so full of interest that it has often been referred to from 
lime to time in popular literature One may find very profitable reading 
regarding the disease from a historical standpoint in the history of the 
plague in London by Defoe in which however the plague outbreak m 
Marseilles is especially referred to Pepy s Diary also describes the 
London epidemic Boccaccio gives an excellent description (published 
1348-53) of tbe plague epidemic which was raging in Florence at the time 
he wTote and that led to the isolation of the group of young people by 
whom the stones of the Dteemeron were supposed to be told It is 
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certain that plague is a disease of great antiquitj In the StiU one finds 
mention of plague as occurring ceotunes before the Christian era in tlif 
land of the Philistines In the Ftrsl Book of Samuel Chapters s and 6 
mention is made of the disease having broken out m Canaan durag 
military operations against the Israebtes It is stated that the mhabitaats 
of several of the cities were attacked with emerods and that the pcstiiencr 
caused a deadlj destruction 

In Bcthschemtsch over jo oeo pcnons died II is iJso recorded that in order Hut 
the plague might be stayed the Philistines made propitiatory offerings to the God of 
Israel of golden images -of their tumors and of the mice that marred the land this 
appears to be the earbest reference to an epizootic among mice in connection viib tit 
disease Hippocrates 4<o-3roBC does not describe plague hut he mentions list sit 
fevers complicated with buboes are bad Mcqit ephemeraU 

Ridus of Ephesus about too A D pro^bly gave the £rst descnptios of pUpie 
which has been preserved He says the fmboea that one calls pestilential are very »«ite 
and often cause death Egypt being the center of trade the PboemcBn sailors btjse 
to SCOUT the known world andappareatlytbeplaguenassooRspread Ihefosttpidtmic 
known in the worldahistoryprobabiyoccurnneintbereignnfMarcuaAurelius iJo 
A & the second in Egypt tn $4s 

Some historians mauataia that there u not aufiicient satisfactory evidente to deter 
mine definitely whether the pestilences of the early years of the Christian era ^ 
were not plague However if they were not plague it u difScult to concene whit 
disease they referred to In any case it is generally agreed ibat there is 80 doubt of 
the nature of the Great Tlague of Justinun in the 6th century It is believed to 
started m Egypt and reached Syna and the North Coast of Africa tbtBce spreuiag 
over a large part of Europe It u said to ^\e earned off half the populstioa of tbt 
Roman Empire and in ConsUntiaople to have caused the death of soeoopetsuBiia 

oae day It was dnenbed in Gaul as lues inguinarta and pemsted la Europe sa** 
Asia Minor for over 50 years 

In the fndun RAojota/a i*uea»o tu^iosed by many to have been written w «* 
6th century there is a passage which warns people to desert their hou»$ when »ti fsu 
flora the n»fs and jump about and die presumably from pbgut , 

In the J4th century a new European pandemic began and the most noted mo 
fatalone 'IlietwoprevLousepidemicshadcomefromAfnca particularly Egypt T6« 
new one invaded Europe; from Asia from Southern India and China by way of ti 
Caspian and Black Seas eventually invading Asia Minor Egypt and Eurc^ ‘ 
reached Italy in 1J46 and England in 1348 In some localities the disease for tie brs 
time in history that we know of assumed the pneumonic form Putrid inflamwationo 
the lungs was noted with expectoration of blood In the plague at Avignon *®*' * 
first 6 to 8 weeks the »ich expectorated blood and it was said that to come near tne 
was certain death No one who was attacked survived of the firooo in this city 
Afterwards buboes appeared in the groin and axilla and some of the sick recovered 

was called the blackdeaih mGemanyonaccountof thepetechialspotsor 

on the start and in Italy it was known as the great mortahly Other histons 
believe the term black death relerred especially to the gncvious and la^“ 
nature of the disease It has been estimated that one fourth of the population 
Europe succumbed to the black death bat estimates in certain partsof Europe ’‘f" 
indicate a mortality approaching 70 per cent of the inhabitants 

Quaxastme — It was dunng Hus epidemic that the V'^enetians inttt 
tuted the first quarantine of tcfectious areas and quarantine later became a 
recognized procedure la Europe The adoption of a penod of detention 
of 4,0 days probably onginated in the medical idea that the 40^^ 
the last day of ardent diseases this being one of the critical days i 
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lazarettos where strangers were held m quarantine appear to have first 
been established on some island near Venice in 1485 

Successive epidemics occurred id Europe m the isth iSth and 17th centuries and 
It was m 1630 that the great plague of Milan occurwd with its terrible tragedies The 
population of this city through fear and cowardice of the pestilence became com 
pletely demoralized and plague stnchen houses wetehumed to the gicrutid and persons 
suspected of spreading the plague by smeanog lU virus about were put to death with 
great torture 



In 66s occurr d the Great FUgue of London dan g which year it was estimated 
that approamately 60 000 out of a popuIaUon of A o 000 died It was thought that 
this epidemic was introduced from the Lev ntby way of HoU nd Detoehas wnttea a 
vivid account of the plague of Lend n in 1665 in his book called A J u n left I’J j/u 
Year which must not be regarded as an aonrate description of this outbreak since he 
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M ** “«« of London ‘Pidemc Tit 

SL . f I? ’^n* ‘"f ^*" **** VaMoillo, outbreak of plague It u 

If collected matemlfor a diary of the Marseilles outbreak Tkere 

r 5 K® V“ but ,t , ould seem to have completely 

di appeared by 1841 and only to have returned «ith the pandemic which began in i?94 


The Last Pandemic — ^The plague epidemic with which all important 
parts of the world became concerned is supposed to have originated id 
ina, in the pro\ mce of Yunan on the Thibetan border reaching Canton 
FromlndiaitspreadtoSingapore 
the Philippine Islands Arabia Persia, Turkey, Egypt and West Africa 
and later to Russia and through parts 0/ Europe and to the coast of 
North and South America Central America the West Indies andMeuco 
and thence to the North American gulf coast Nearly every coimliy 
in the world became affected In 1900 plague appeared in San Francisco 
Later the ground squirrels were founcl to be infected with the disease 
over about one fourth of the state In 1907 Seattle became infected 
and plague rats were found there during the next 10 years 


During more recent yeira human outbreaks have been observed in the United Stii» 
not only m California but also in Louisiana Te*a> an<J Fiends aiwellasinMevicoaad 
pracUcatly all of the Central and South American republics The disease was iPtw 
duceo into the west coast at Peru from India la ipo^ and spread from there to Ecuador 
^ j® *“ '^****®‘^”* ®8ypt 10 eastern western and soutbem Afnts 

and Madagascar In Asia it has prevailed particularly in India Japan and China th 
stwits settlements Turkey andinthelargeistaodsauchas java the Phdippine Islands 
and Hawaii and in Australia In Europe practically all of ibe Jf editerranesn leipOfU 
became infected a» *«11 as a number of the larger ports of England France andSpsn 
In 19*1 00 cases of the disease were r<p< rted m the interior of France at Pans ladn 
s9*} *4 additional cases at Saint Ouen (a suburb of Pans) In lort an isolated case 
of the disease was reported (n the city of Dublin 


India still constitutes one of the great endemjc centers of Plague and 
during the past 20 j ears there have been approximately ro 000 eoo deaths 
from the disease Over a million deaths a \ear have occurred at tunes 


In 1904-S there were x 315 000 deaths and in 1906-7, i 287 ooo The 
tendency for the past 30 vears, however has been toward a greatly 
diminished prevalence of the disease in India In 1923 there were not 
ov er 250 000 deaths and in 1954—35 only about 52 000 


Ib a ethcrlands India plague was imported lu igr 1 into a port of eastern Java Tbe 
disease did not take root in the low coastal regions but became endemic lO the jn’ind 
mountain areas Murine and buitian endemic infection progressed slowly •westwards 
while the areas first infected in the east were gndually freed from rats and pUgU' hy 
the systematic reconstruction of thousands of viUages From ipir to 1947 the diseas* 
caused no fewer than an coo deaths 

In China according to W u Lien Teh Chun and PoUiteer (19J7) the chief 
foci of plague have been in the interior of Fniiea Province in the south la the upp*t 
valley of the Yellow River (Shansi and lwaiisu)ia the West and at Tuughao Msnch'in* 

on the north MiDiams (1941) points out tlut though plague had not been present w 
southwest China for 40 years m 1938 an outbreak occurred just over the border in 
Burma the epidemic beginning at Mamhkam go miles away in Burma ItwasstatM 
that it was quickly controlled through wholesale inoculation A small outbreak 
principally an epirootic among rat# occurred at Ilsenwi 75 miles west la Burma 
during 1939 when an anti rat campaign appears to have controlled this one Udliann 
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observed lo 1940 the presence of pUfue apun 10 Bahmo at the head of the navjgaUon 
of the Irrawaddy River but it did not spread into China During the present year 
194 a new outbreak has occurred in Cbefcia gProvince In 1942 plague appeared in 
1 1 d derent local ties m China 



Iw gu f K ik> s > 

In 1910-11 the disease m Maaebuna for the second time in history 
assumed an epidemic of great proportions of the primary pneumonic 
form and there were over 60000 deaths Another smaller epidemic of 
this pnraary pneumonic form occurred in Middle China in 1917-18 and 
in ilanchuria in 10 o-3t nith 10000 deaths Still smaller outbreaks of 
pneumonic plague in connection with cases of bubonic plague have 
occurred in Cahfornia in 1919 and in 19*4 and in the Ural region of 
Russia in 1923-24 In Egv-pt rao fatal cases of secondary pneumonic 
plague were reported dunng 1923 
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Durjog the year 1933 EoeontiDtntwasentirtJyfteefrotabuboBicpUgyeitKibctirt 
there was always the possibility that eases of this disease inight appear m any of ik 
large seaport cities of the wotfd and that even new endemic foci might be esubhdid 
by imported infection Such an endemic focus of the disease had already bees t uh 
lished in the United States in California by 1908 



Pic 156 — Course of plague o Java (£p dem oiogica! Int Ug oce Servee of ‘ 1 “* 
League ^ Nations ) 


Geographical IhstnbuhOB — Dunng the past 10 years plague ha* 
continued to decbne sn India The League of Nations Health Ofganiia 
lion ipyS points out that the mortality has fallen front izt 242 
to under 7000 in 1^38 This mortality is decidedly localized 
than half of it occurred m the United Provinces It has been suggcste 
that this reduction may be due to the establishment of some degree 0 
immunity in the rat population and it has been said to be roughly pro- 
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poitionate to the prevalence of plague in the areas from which the test 
rats were taken Also the disease is essentially bubonic in nature the 
pneumonit form being very tare Moreover sylvatvc plague is not a 
problem in India Field rats other than the domestic species do not 
emst m large numbers and rural plague is secondary to the house epizootics 
among Raltus ratlus It is somewhat strange that in Ceylon plague has 
not been a serious problem Thus m the years from igzg to 1935 there 
have been reported not more than 75 cases annually in Colombo 

In Ve/AerftJuili ImJia asinBnlishl 61a plague has also recently shown a steady 
f U particula ly in Java where the marked decline in prevalence has coincided with 
the use <j{ mass inoculation by Otten a hving vaccine Rosier (1937) m hi report on 
plague m Java states that the ptague reached its height in 1934 with 23 267 cases and 
23 239 deaths It was brgely bubonic although pneumonia sometimes complicated 
it and there were 1306 cases of primary pneum nia scattered among the bubonic cases 
In rgys the anti plague inoculation was adopted 00 a large scale and during the 
year 2 363 642 moeulitions were earned out Such vaceaiation has been continued 
with ewellent results In 1937 there were only 6227 cases with 6187 deaths while in 
938 the report gives only 3834 cases with 3814 deaths Rosier emphasize that the 
steady decline is to he attributed m (he first place to (he use of Otten s avinilent living 
vaccine More than 6 000 ooe uiocuIatioDs have been made in 4 years since 1933 
Id \fnca in e rl er years plague was limited to the ports where it was introduced 
as Mombassa Delagoa Day Capetown Beoguela etc In later >ears rats transported 
sometimes by railway transmitted the infection t some of the wild rodents m the 
inle lor \lartbingt n (1938) reports (bedsease has no become firmlv e tablished 
the mam centers being m South Afnca especially Angola Last Alnca especially 
Ug da and to a less evtent certain areas m l\est Africa On the whole during th 
last decade there has been considerable increase in the cases of plague m Ea t Afnca 
In Uganda the cases have varied annually from about io»-3M in different years 
The mortality however has been unusually bigb varying ftom 85 to 97 per cent 
Usually Kenya has suffered to a less extent but during 1941 to 1042 some thousand 
cases occurred Plum (1942) repocis (bat in Naitob in 1 months 547 patients with 
Bubonic plaque were adm tted to the two civil hospitals tb re of which 354 died 
Robe ts liQ39> who has studied rodent plague in Kenya for a number oi years has 
found no evidence of the infection m wild rodents Tangany ka has been relatively 
free f om plague for the past several years In 1934 so cases were reported and in 
1933 only one In Morocco m the vianity of Casablanca 2100 cases were reported 
n 941 and 362 m 1942 An outbreak of the disease started in Sues in N v mbe 
1943 and up lo the jth of January 1944 a t t I of 5 7 cases had been reported the 
mortal ty being 71 due to the occurrence of some cases of primary pne mon c pi gue 
In March 944 the ep demic was still continuing 

In “iouth Afnca Thornton ^i93b)stat«s that theatnptd mouse fRIioddonyspamif ) 
m the bush has gradually become infected from the domestic rodents Foune (ipr8) 
reports that i feet on m 2 groups of veldt rodents is now present all over the South 
A( lean Union anl th ( the t are especially concerned in its spread 

West Africa at the present time suffers httle from plague There was a smalt out 
break in N gena in 1929 but none there since 1933 The Cold Coast Gamb a and 
Sierra Leone h ve also been free Howe er Sorel (1937) reports that in S negal and 
Dakar for the precee ling several years the cztentbas been between 1000 and 2000 yearly 
with about JO per cent pnmary pneumon c cases In Dakar man is Infected « pecially 
through the intermediary of a doroest c rodent {Xltaon-yt cowAa) 

iladiids ar became infected in 1898 after a nee steamer from India arrived The 
disease was formerly coastal but since S9»2 it has become endemic on the high plateaus 
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5 types of the disease occur but the paeutnoDic u u&uiually commoa la the cooler 
season Plague id ’Madagascar dtfiet* fmia that in South Afnca in that vild Mdeeu 
have not been found to be o( importance m transmi»sioa Achard sa a recent nsner 
found 1363 cases of which 663 were bubonic 44* puimonatj and ajS sepuaeissc 
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TbemoAaiity was very high SSpercentolthebubonic 

and septicaeniic case Vogel aad Riou (*539) point out that the f<, 4 

in ifadagascar has been greatly decreased since tpjh irJwch js believed to be o 
eontinued and extensive caropaigo since that tune ol prophylactic vaccination « h W 
SHvitaleot culture 77 5 pet cent of the whab.tanU having been inoculated la 

,94t 1S5 cases were repotted 
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In South America plague wbifh was especially prevalent m Brazil 
in Sao Paulo and Rio de Janeiro from 1900 to 1913 has gradually decbned 
The decline was first especially due to the gradual improvement in the 
sanitary conditions and the building of these two modern cities Plague 
afterward became sporadic and with the continued improvement in 



g c Serv of me Le*cue of Nat on ) 

dwelling houses and the campaigns of rat destruction human and rat 
plague is now said by Fontenelle (1939) to have completely disappeared 
in these cities However Barreto (1938) says the disease u sUU endemic 
in the northeastern part ol Brazil where in the lactones there are plentiful 
supplies of food for rats as corn cotton and mandioca from 1934 to 
1939 there were 1542 cases m these regions The plague however is 
relatively benign and the mortahty has usually vaned from 35 to 43 per 
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cent MoU and 0 Leary (1940-1941) have published a most cocoptt 
hcnsive and authoritative report upon the subject of ‘The History of 
Plague in the Americas to which the reader is referred for complete 
details 

In Argentina the disease was 6i5t noted in 1900 Alfaro (1937) points 
out that plague is now very rare though there was an outbreak in the 
Pampas in 1934 with scattered cases during 10 weeks There were 
only 31 cases reported m the enUre country jn 1936 and Buenos Airts 
did not record a single case from 1931 to 1936 However Sussini {193S) 



A— C tt wft yl M pJgB,lia b dn trjitdby m t *f«<! ttl « ‘ 

boff d tbei « ( p « t < 

B — G gr ph c*l di tnbut I burn 

Fic ISO — Sp ead of sylvat c plapue n th Vm(ed States of Amen a lp34'J?3* 
(Epidein olog cal Intell ^enc S « e of the League of N»l ons > 

states that m the Argentine sylvatic plague has assumed some importacte 
because of its tendency to appear in epizootic form and to spread widely 
over the country The epizootic nukes its appearance in winter fades 
out in spring and reappears the following winter This engenders at 
least a small amount of human infection and the appearance from tune 
to time of cases of pneumonic plague In addition to other wild rodents 
a species of hare has been found infected In Tucuman the disease was 
epidemic and epizootic in 1 940 and m Cordova there were 51 cases in 1941 
In Ecuador Murdock repotted »n ootbreak of pneumoaxc pUgue wiueb 

tasted only a few weeks but gave nse to 15 deftUis aaong the 16 alBicted Alter the 
first case was adimtted to the hospital rapid contact with infection followed among t«e 
nursing sisters attendants and doctors 
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In 193S a small outbreak of about icx> cases occutred m Bolivia and in 1939 a fe v 
more cases m that country and in Peru In Pernambuco (1941) 102 cases occurred 
During 1941-1942 plague was present in Argentina Brazil Ecuador Peru Bol via 
and Chile In llaMaii m 1943 there »ere 7 cases and s deaths and in New Caledonia 
2 ca s and i death 

In the Un\ttd State! California first became infected m {900 the infect on being 
brought from Hong Kong Cases were at first of the bubonic type and mostly in the 
Chinese colony In 1907 it spread more widely over the state and in 190S the mfection 
was found to be present m ground squirrds l>unng the nett 10 years sporadic cases 
were observed m 6 counties but only 11 human cases occurred However in 1919 a 
small outbreak of pneumonic plague was reported m Oakland 13 cases in all and other 
sporadic cases were met with during the nett 5 years In 1924 32 cases of pneumonic 
plagueoccuriedinLosAngeles goof the patients dying Insddition there were 3 cases 
of bubonic plague 3fatal Duringthencit loyears onlydsporadiccasesof tbedisease 
were repotted 

Gumming (1937) reports that there were but g cases of human plague m the Umted 
States durmg that year 3 in California imUlah and im Nevada with log infections 
with plague m rodents found in these areas No human cases occurred m Eaviatt 
but 103 plague infected rodents were found there 

Parran (1937) pointed out that plague infection m rodents is known to exist in 
7 western states but had not been discoveied east of Wyoming nor south of Utah 
except in California By 1939 the infection was found to be present m 10 states in all 
The most northern point la the United States d scovered was about ige miles from the 
Canadian bordet It had not then been found east of the Rocky Mountains Ground 
squirrels infected then numbered 7 species especially Cttelhs beecheyt but the tree 
squ r el ch pmunk maimot and prairie dog ate all rodents in which plague infection 
bat been found By 1941 Nevada Utah a d Noith Dakota were shown to contain 
infected rodents North Dakota being the most Eastern state During the past 
40 years some fifty cases of plague have occurred in the United States apparently of 
syl vatic origin 

In 941 there were but two fatal cases of plague to human be ngs reported in the 
United States both m Siskiyou County Califoreu These cases oeeuned in 2 boys 
which howe er I ved some miles apart There has been but one human case 
m the U ced States m 1942 Meye who h s made a most complete ttudv of the 
entire subject of syUat c plague points out that the h store of plague in San Francisc 
an 1 Cal forma is one of ebb and (low but never of final disappearance The importance 
of sylvacic plague is emphasized asa latent infection among ground squirrels and m his 
opm on North America from now on will remain a permanent plague focus He has 
also shown that at least 13 speaesof ground squirrels of the Genus Citellus are infected 
and that at least 0 of the W estem stales ate known to harbor infected rodents 

In earl er years the important foci of endemicity of plague which were especially 
recogn ed were India Thibet and linnnan and Mesopotamia UgndainAfrca and 
the Transbaikal leg on of Siberia were regarded as less important centers From what 
has been sa d it s ob>i us that at the pres nt time a number of other endemic centers 
of rodent plague bate developed and are now present id diffe ent parts of the world 

Etiology and Epideuiolocy 

Etiology — B (\erein Kitasato 1894) Pasteurella ptstis This 

organism is a member of the group of bacteria which cause the haemor 
rhagic septicaemias (Pasteurelloses) of >anous animals Plague is pn 
manly an epizootic disease of nts but in some localities ground squirrels 
and other rodents have been shown to be the source of human infection 

It would seem tobeimposs bleforany bactenologist to fail to see the plague bacillus 
n a microscopical p eparat on made ftom a pUgue bubo for the otganiscis are % try 
numerous and freq ently in pure culture 

Nevertheless it was not until 1894 in Ho g Kong that the bacillus of plague was 
first isolated and descr bed by Tetsnfroro a plague bubo 

It IS true that Kitasato reported a badllus which he had isolated from the blood of 
a plague patient on July 7 1804 (\ersm % report was made July 30 1894) KiUsato s 
bacillus was moule Cram-positive ceaguUt^ milk and gave a turbi^ty m bouillon 
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&nd more opaque TlieseaieMmeUm<abMi«naacaBmbatoTgiantcoIomes Morpho 
logically they sometimes contain more iiwolntion {oiins or more of the longer rod hte 
orsinisms The use ol salt agar » s to s g per cent is of service m demonstrating the 
m olution forms of the plague bacillus vrtuchareof some significance from a diagnostic 
point of view as they often occur mote qotcUy and with greater certainty with Bacillus 
p<sUs than m the case of other organvsma These involution forms may take a coccoid 
root-shaped or irregular sausage sh^itd form ranging in sire from 3 to 10 microns m 
length The stalactite growth m bouiUon » often quite characteristic In bouillon 
cultures there is a cloudine s and then a deposit forms Around the edge of the vessel 
■ whitish ting or growth appears and Una finally spreads over the whole surface as a 
fine membrane If a layer of 0 1 (cocoanut for eaample] is pb ed on the surface of the 
bouillon the growth becon es abundant at the surface and the bacilli grow downward 
m the form ol stalaetities The organism is found often in long chains in the liquid 
medium The grow Ih 10 other media u not m imporunt except in differential diagnosi 
The plague bacillus aeidibes glucose maltose mannite and sahcin but produces no gas 
Lactose and cane sugar rerna n unchanged Indol is not produced and mdk is not 
coagulated Lilmu tnilk is acidified si ghtly or temains unchanged 

Colonial variants have been desenbed including amooth compact small fringe 
large irregular and sunSower types but Ibeesact format colony produced seems to be 
so influenced by environmental factors that Topley (ipjfi) believes it u probably better 
not to telct to these types by the t rms tough and smootb Olten (lojb) also refers to 
the fact that the cultural behavior of BaciUus ftst s may depend on (be nature of the 
culture medium as the peptone percentage the degree of humidity the and many 
other circumstances unknown f f« does not believe that the degree of virulence can be 
accounted for by themorphology of tie colony 01 as to whether it is smootb M rough 

Beisenowa and (ensluja (lOJt) found that among ijo plague strains there were a 
few g visg 4 diffuse turbidity when grown 10 broth Vihcn seeded on agar medium 
one of then showed a form of colony distinctly d Qerent from th normal type which 
however was also present on the same plate The normal type was ol the same vara 
fence as the original strain whereasthe variant withitsatypicalgrovth appeared lobe 
avirulent In their opinion the atypical varunt must be con ideted as the smooth 
tyre On the other hand Pine found that bis rough type of T p slii was avitulent 
and apparently possessed no immuaumg value and it appears illogical to designate the 
normal virulent type as a rough varunt which tccorhng to Oil n h s nt thing m 
common with it 

Schulttc ( 031) identified two ant genic constituents in plague bacilli a somatic 
antigen and one occuning in tie getatuious capsule which is only prevent in cutluies 
grown at 37 C The former antigen is heat stable nd the latter heat labile at 00 C 

i^estrlonce oj the ^oct/Ius outside of the body is slight The 

organism fs completely killed by thorough doing in the sunlight In 
cadavers and in the putnd spleen H has been found ahve after 4 da)? 
In buned bodies according to other eapenments it has been isolated at 
periods varying from 3 to 30 days alter bunal depending considerably 
on the temperature Ordinanly the plague bacillus does not live in putnd 
organs more than a week In Manchuna where the corpses were frozen 
It was isolated from some of them three months after death On cow 
dung floors In India it will remain alive for 48 hours and in gram and 
meal lor tj days if suffiaenily moist tskey fiqyo) found that it may 
retain its nnikncc for as longasqweekaindned flea faeces In dust the 
organism dies out rapidly so it » not bkel) to be transmitted m currents 
of air except when frozen Proplets of sputum in cold weather become 
an important means of transmission The organism will remain virulent 
fir a long time in frozen sputum A temperature of 65 C for one hour 
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Will destro> aU the plague oTgaoism^ UsuaU/ the phgue bacillus raj 
be killed at considerabl} lower teropetatures (In bouillon cultures at 
55*0 ) It IS also destroyed by the ordinary disinfectants as o 5 phenol 
after 15 minutes 

Pathogenicity — Infection may be produced in susceptible animals fas 
guinea pigs rats and monkeys) through slight abrasions of the skin bv 
instillation upon the conjunclna by cutaneous, subcutaneous onntra 



Flu 103 — Cu iwa p e plague ntection 


peritoneal inoculation by inhalation or by ingestion of cultures The 
guinea pig is the most susceplibJe of all aiumals to plague infection 
Barber showed that by the inoculation of a single Mrulent plague oaciiM 
a fatal infei-tion could be produced 

However Sofcliey lt9$g) reported the white mouse (Haffline Institute 
aSthetnostsuscepUble animal as few as looigaoisms perhipsevenless producmgis 
infection Otten (1933) agreeing with most Other bacterwlogi ts regards the , 
picas most susceptible After thisantmal beplaced the wild rat the white mouse a 
tbewhiterat lo their order of susceptibility However it is well recognized that « 
rats greatly vary in their susceptibility to plague infection following Mpenmen 
inoculation 
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Guinea pigs inoculated with, cultures of the plague bacillus or with 
material from autopsies containing this organism usually die in 3 to 
S da>s At the autopsy there is (1) marked subcutaneous congestion 
oedema and haemorrhage about the pomt of the inoculation (2) buboes 
in one inguinal region and often in both (3) numerous necrotic and 
yellowish white foci in the spleen and sometimes in the li\ er (4) haemor 
rhages in the lungs and sometimes m the heart muscle and frequently 
elsewhere m the body The typical bipolar staining plague oTgamsm 
can be demonstrated in the microscopical pieparations made from the 
buboes and all the other organs as well as in cultures made from these 
organs 

la rats nbich have died of natural acute pbgue there n usually subcutaneous con 
gestion and oedema and subcutaneous haemorrhages are present The lympbat c 
glands especially the cervical ones usually shout congestion haemorrhagic necrosis and 
pen la d lar infiltration Buboesoccurmthecervicaloringuinalgland in75toS5per 
cent of the cases and are most important evidence of the disease In about percent 

the bubo is cervical in 5 per cent axillary and m 70 per cent ingum 1 Another 
important lesion IS the granular liver nhicb is present in about half of the cases It 
m y have a yellow mottled appearance IberaUy spnoUed with discrete yellowish 
nbite granules about the size of a pinhead The spleen may be large and tTi;ected and 
granular la appearance (in less than 5 per cent) In the thorax the pleural cavity 
usually c ntains fluid (in some 60 percent) and there are baemerrfaages of the lungs and 
heart Smears from the spleen snd affected glands show the bacilli m great numbers 
However in subacute or ch on e infections the bacilli are scanty and their distribution 
is not constant For ttus reason the Bnti b Commisson believed that the naked eye 
examination was more important for diagnosis than Ibe bacteriological one alone 
However it is impossible to differentiate pbgue bacillus infections in guinea pigs tid 
rats from BteUlut luiare st (F lut4rtn>is) infection by tbe naked eye By the bacteno 
logical examination Bacillus tukrense ca ■ be easily distinguished from the plague 
bacillus ( ] because it is much smaller (o j to o 7ti in length and 0 1 to o jm m width) 
(s) It IS decolorized by Gram a sum but it does not grow in 0 dinary agar or the usual 
bacteriological media as does P fttUs Howe er t can be cultivated upon egg yolk 
and upon cystine agar (j) Tbe histo pathology of BfcMus Mar nse infection is als 
qu te d Serent and chaiactenstjc from that observed m plague 

Wherry first reported 2 cases of olcerat ve oonyunctivitis with lymphadenitis o! 
cecv cal glands fever and marked ptostratnn due to 1 ( Ct on with Bsci l«(<z t se 
(PatlcureJla lula >) occurnno ui persons who had handled rabbits wh ch had died 
of th 3 plague like mfectioD Tbe orgausni was first noted by hlcCoy m squirrels in 
California The symptoms and macioscopc le ions m these animals are almost iden 
tical w th those of pUgue Guinea pigs ocenmb afte the cutaneous moculation of 
m tenal and also show lesions m rkedly re embbng plague As will be not d n the 
chapter on tularaemia tbe disease has a wide geogniph c 1 d stnbution m the United 
States 

The most conclusive evidence of the presence of P peshs in any patho 
logical matenal may be obtained when such matenal is rubbed on the 
freshly shaven scarified skin of the abdomen of the guinea pig the animal 
subsequently dying of plague infection However P tularensis mil 
also pass through intact shaven skin and it produces gross lesions in the 
guinea pig almost identical to those of plague Other organisms how 
ever winch might infect through intact skin produce lesions unlike those 
of plague As a practical point it may be stated that cases showing a 
profusion of oval bipolar staining baaUi in smears from glands or sputum 



664 


PATHOCENiaTV 


wiU destroy aU the p\agMe organisms Usually tbe plague bacillus may 
be killed at considerably lower temperatures (In bouillon cultures at 
SS^C ) It IS also destroyed by the ordinary disinfectants as o $ pheao! 
after 15 minutes 

Pathogenicity — Infection may be produced m susceptible animals (as 
guinea pigs rata and monkeysl through slight abrasions of the skin bv 
instillation upon the conjunctud by cutaneous subcutaneous or intra 



Fic 163 — Gnio a p g plague infection 


peritoneal inoculation by inhalation or by ingestion of cultures The 
guinea pig is the most susceptible of all animals to plague infection 
Barber showed that by the inoculation of a single virulent plague bacillus 


a fatal infection could be produced 

However Sokhey (1939) reported the white mouse (Haffkine Institute inbred 

as the most susceptible animal asfewasioorsanisms perhipsevenless producing fa * 
infection Otlen (1933) agreeing with most other bactenolog sts regards the 
Die as most susceptible After thisammalhe placed tbewild rat the white mouse a 
the white tat in their order of su ceptibility However it >8 well recognized that w 
rats greatly vary m their susceptibility to pUgue infection following eapenmen a 


inoculation 
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cases of bubonic plague secondary involvement of the lungs may also occur the lesions 
being of a metastat c cha acter 

£p demies of plague a e usually buboruc in character and in such epidemics there 
are always a sm 11 number of primary sepbcaemic cues as well as some of secondary 
plague pneum nia However a few severe epidemiis have been of the primary pneu 
mo 1C vanety These severe outbreaks have occurred particularly during colder 
weather and among people who have lived under greatly overcrow ded and other unsani 
tary conditions Isolated cases of secondaiy plague pneumonia which occur during 
large epidemics of bubon c plague a e not so liable to give ri e to large ep demies as are 
c ses of primary pneumonic plague Thus among the sip cases of bubonic plague 
reported m Egypt in 913 there were only jaofatalcasesof secondary plague pneumonia 
and while in that country from 1899 to 1913 th re wc ealtogethe 83 pure outbreaks of 
pneumonic plamie the number of cases in each was small In fact in 16 per cent of 
these instances only one case of pneumonic plague was found In the bubon c plague 
outbreak in California in 1919 there were 13 cases of pneumonic plague developing from 
a case of secondary plague pneumonia and n 1924 iberewere 30 deaths from pneumonic 
plague In the Ural reg on of Pu s a with c dder weather in the winter of 19 3-24 
there were 9 cases of the pneumon c type and at the same t me in the neigbbo i g 
Kirghiz epublic i 4 cases 

While both bubonic plague and pneumonic plague are caused by the same micro- 
organism B clUs pest s the portal of entry of the two icfectio s >s entirely distinct 
a d pneumonic plague is clinically and epidem ologtcally a different disease from the 
bubonic form 

bfeye: (194a) in a most interest ng article otitled The Known and Unknown in 
Plagu tails atUnt on to the fact The ea m nation of app a mately 80 tViaine of 
P peshs isolated n Califo nia have placed them into the glycerine negative group 
They are unable to ferment glycerine and are designated as Beta types (Kuraichil and 
they belong accordiog to Berlin and Botaeokov to the Ocean c Race It is the belief 
of the last mentioned investigators wbo b e etamined and compared plague strains 
from the continents of the world th t these races or type are etciusiv ly encountered 
m Che endemic belt of islands and peninsulas of the tropics {Ind Indo China Java 
Japan Ceylon Arabia Madagascar and Pbdippines) They d ffer ftora the Conti 
nental Race or Alpha type which fe ment glycerine and are found in an endemic belt 
throughout the Central As atic Plateau Mongol a and Manchuria These facts have 
been used by Kuraichi to speculate o tbe origin of plague n California S ce th 
pandemic starting from Kongk ng in 1894 was assocut^ with the Beta or Oceanic 
Race be believes that ample evidence available to consid r the North American 
enzootic foci to be tbe descendants of this race O gmally it was b n ght to San 
F ncisco and sp e d from rats to the qn rrelv Meyer points out that he overlooks 
an important detail in th t Che South Afncan sylvat c plague focus is like is tt ibuted 
to the pand tn c dispersion at Che turn of Che century Although the 23 plague strains 
studied by Pine a e predominantly glyce ne negative at least 4 st a ns of tbe Con 
tinental Race have been d scovered m the Cape Col ny Pe haps in time the etami 
nati n of pi gue cultures from d se ed rodents or ectoparasites East of the Rocky 
Mountains inightyieldsuchrai.es Unt 1 such tests have been made it is p obably 
inadvisable to use biochem cal cbaractenstics to boUt up one or the other theory 
conce n ng the or gin of plague on the North American Continent 

Transimssioii. — In plat the nfcct on is usually acquired through the 

skin Epidemics of bubonic plague are associ ted w th rodent infection Man 
acquires the infection usually secondanlv from the rat the rat flea t ansm tting the 
plague bac llus 

SiPUONAPTERA 

The fleas are classified in the order S ph n pter They e laterally flatten d 
m rkdlychtn ed wingless insects which undeigo a complete metamorphos 

Thisorderisd d d by Datla Torre into tv o sob-orders — (il tbe Fracticipita which 
contains tbe family H str ch psyUid e of which th genu Lepl f ylla is of medical 
interest and (2) the Integricipita contauu g the following families and gen ra of medical 
interest Puhcidae— genera Pulex and Xenaps^ Archaeopsyllidae— genus Cl 0 
cephalus Dol chopsyUidae— genera Ceratapkyttus and HepJ psyllus Tungidae— genus 
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and with clinical manifestations of plague are not likel> to be other than 
plague bacilli Still to be conservative one should alwa)s inoculate 
animals cutaneously or subcutaneously 


Other Ortantsmt of Vie Jlaemorrk^tKSeptieemta Croup — In making rat sune>5Jor 
the detection of plague other apoataneous infectionj may' be eometjffies eocou&terri} 
ID which the causative organisms nia> show bipolar staining be Gram negative aad 
more or less similar In their cultural appearani.e to Past peshs Of these Past Psiads- 
luhercaJajii rodenliun (CorytiebacImuM pseudoiaberciVoS'S Bergej) is related to fed 
pestis antigenically According to Schutae the somatic antigen is common to boll 
species. 

Past pseudolubeuulosis rodenltunt may give rise to a fatal septicaemia lO rats sad 
guinea pigs oJten accompanied by the formation of nodules in the spleen and liv« 
and sometimes the lungs As a rule the greyish iihite nodules are larger than those ol 
plague up to 3 MHi in diameter and may stand out more from the surface la tbtM 
lesions large numbers of short coccoid or ovoid bipolar staining Gram negative bacilli 
occur On injection of this organism into guinea pigs rats or mice infection nsuall/ 
proves fatal only after 1-3 weeks 

One aid in differentiation is by the lojeclion of the organism into white rats- \ To'* 
rats are susceptible to plague infection and relatively resistant to fseudotuhercu ous 
The Utter organism if eKaouned in broth cultures liter td hours incubation at n C 
IS often motile whereas Past peshs is uniformly non motile 

Other orgwustn* of the ha mocthagic septicemia gtoup ate P asupeUca of efucken 
cholera P smseptiea of swine plague and P eameuhad^ of rabbit sepficacaw 
snulBea Organisms of the Salmooetla group (Gaeriner patatypbus groupl incJuciflg 
the Baeftlus Dinyst and B typkt murium mayalM he somelioes encountered in 
Inadition B mucasut eapsidolus (rttedUendet i 83 t)aod^ cell eommumsbi^t bet 


encountered in them i l 1,, 

It therefore should be esipbasued that rodents often may be infected with bipoia 
organuos that are not fort peshs As an example of this the high morlaliiyOK'tt^* 
among field rodents in aod around Do Aar South Afneo in 1917 '^** ** t v. 

as due to plague infection More careful examination however showed *. 
erroneous The same organism was rsolaled in Cambridge by Murray Uebo an 
Swann and baa been mamed ListereUa uieBoejtegener beverlheless the “*?*** , . 
transmissible by inoculation or Kanlkation of Mamaqua gerbiUes from the infectea 
healthy animals Although this bacillus was especully fatal to gerbiUes \ ^ 
points out that it was certainly not Past peshs However ^fitcbell (rpjo) loun 
genuine Pasteureilt wfectioa among veld rolents ta South Africa . 

Chronic Plague in Rats —The Indian investigators have also called attention 10 
existence of chronic plague in rats It is chiefly in the spleen and liver that the 

consisting of abscesses occur thus ditfenng from the acute plague in rsts ^ 

nodules abovedes ribed InaseiiesofC/ OogratsofthespeciesA tionegicusess 
in Bombay o 57 per cent showed signs of chronic plague In the necrobc ma 
plague bacdli could be found in approximately one half of these rats although frcque / 
the bacilli were non virulent It 1$ possible that this chronic plague in rats ^ 
as the reservoir of infection which keeps up plague epi ootics from year to year » 

(1912) itv the eiamination of soootals in toe neighborhood of Paris found a nu® 
animals with atypical lesions containing plague bacilli of lowered virulence ° 
instances plague infection may bepre ent in the rat without visible lesions i s 

Indu according to IVhite is less virulent now than formerly and this is attntPiJ 

greater immunity of the rats . t.j 

Epidemiology— Plague is priinardyadiseaseof rodents usually rats aofl m 
qieatly contracts his infection {rotn these animals Overcrowding in unsa 
lodgings especially predispose to epidemic outbreaks „„«m60ic 

The disease may be classified chmcaUy as bubonic sept.caem.c or 
atcordng to whether the lymphahe system the Wood or the lungs jhe 

rnivrri bearine in mind however that in aB cases of primary pneumonic , 

WaSaolU are present not onlj in toe lungs but also in the blood and that m 
aU Sses of bubonic plague terminaimg fatally toe plague baalh appear m the bl 
shortly before death la a small percentage (usually not more to 



PLACVE 


66q 


The coiDmon human flea of Euiope is Pvlex i rtlsns Vfhich is cosmopolitan m 
temperate leg ons of the United States J* trritans tn Cahforma Ct noctphalus cants 
the do flea and C fsl‘ the cat fle in the eastern st tes The species primarily 
responsible for the transmiss on of pi gne is XenopiyOa chetpts the Indian rat flea 
the commonest rat flea m the wamee regiooi throughout the world Orgmally a 
paras of the U th (Iniian^ rat Rettns r Kks it bow equally infests the htowti rat 
(R noniegicus) in warm climates It resembles P trrUans but is more yellow than 
brown m color It also has a greater nniaber of bristles on the head C ratophyllus 
fasctaius is the common rat flea of Europe and the United States ClcnpCtpfiatus cants 
and fel s Leplapsylla muscui and Pul * trrilaHS have also been found frequently on 
both KaUuj raK«j and R noreguus 

Fleas ajid Plagtie — Itt 1897 Ogata infected mice b> inoculating them 
with an emuUion of crushed fleas taken from plague rats In 1898 
Simond showed that if a rat dead of plague were placed in a Urge bottle 
and a healthy rat confined in a small cage introduced into the bottle 
and suspended above the dead rat so that there could he no contact 
between the dead and the living animal the well rat would contract the 
disease If however the fleas were removed from the dead lat before 
the introduction of the caged rat no infection took place 

Bi reason of claims that the rat flea would not bite man these con 
vinctng experiments were m a measure disregarded The complete 
confirmation of the correctness of this v lew as to transmission of bubonic 
plague was brought about by the Indian Plague Commission In a 
large number of experiments it was shown that when healthy and plague 
infected guinea pigs were confined together in spaces where there were 
no fleas there were no plague infections of any of these well animals 

Oa the other hsnd in 3$ erpenmenis when fleas had nereis to the spaces plague 
mfecUoni were the rule Agaia gu nea pigs ut cages «h eh were suspended only two 
laches above a plague flea infected fioot became infected but othet animals whi h were 
suspe ided so high that the fleas could not jjmp up to them rema ned well Two cages 
each containing a monk y were placed lu a plague flea infected room One was sur 
rounded with a protecting zone of 0 inches of tanglefoot fly paper this being the 
limit cf the distance a flea can jump while the other cage w s not so protected The 
monkey in the cage » thoutthestickypaperc utractedplague while the second monkey 
remained well It ii usually when there is a great uiadence of plague among rats that 
ne ha e outbr aks of buboni plague ul mau and it has been noted that the greater 
the e[ izootic the more hea ily infected was the blood of the s ck rats with the plague 
bacilli It has been estimated that tfaebloodof a tat dying with plagu m ysometimes 
contain as many as flfty million bacilli to the cubic centimeter although human blood 
rarely contains more than a miUiOD A flea with a stomach capacity oi about o 5 emm 
could thus take n se> eral thousand plague baciUi in a feed ng on a rat whose blood was 
teeming with organisms 

Eacot has earned on som e pet ments which seem to show that fleas infected over 
a month p evi usly and kept id a coot pUce could still transmit plague This would 
ndicate the danger from plague infected fleas which had been held in material packed 
away n boxes 

The plague bacilli ingested by the flea from the rat multii ly n the al inentary tract 
ei the fle Infect on in man may occur la several ways from the Sea The org aism 
is p sed n the f eces f the flea and faecal pollution of the proboscis may occur at the 
timeolbiti g or the faeces ol the flea ntleskm may he inoculated scratch ngwhen 
the flea biles or at the time tb t it is killed Bacot and Martin also showed that 
infection of an animal might occur at theumeof the suck ngtif the blood by the flea 
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The body of the flea is flattened latenUy Theymayor may not have eyes indtows 
of Conspicuous stout spines called combs sihich are of importance m cUssificstion The 
puncturing apparatus of the flea roi'sisfs of a pointed epipharynx and t"o duuHy 
serrated mandibles These chitmoiis bitmg parts are contained in the fabium vbieh 
divides distally into tn o labiat palps The nuaiUae are conspicuous tiungular ttnic 
tures and projecting farthest astenorly »te the conspicuous four jointed maiill *7 
palps often mistaken for arteaaae By the apposition of the internally grooved 
mandibles to the epipharynx a tube is formed through which the blood is sucked up 
The antennae are inconspicuous and are in close apposition to the sides of the head 
behind the eyes and can only be vreB made out with a lens Fleas have three pairs ef 
legs and the male can be distin^nshed from the female by its smaller size and the «b 
spicuous coiled up spring like penia within the abdomen The female has aconspicuous 
gourd file spermatheca which vanes in shape in different speaes A very prominent 
structure is a pitted plate ti the ernth abdominal segment (pygidium) Of importance 
in classification ate prominent bristles ooginating from, the seventh abdominal segment 
and projecting o\ er the pygidium These bristles vary m number and are known as 
anlipygidial bristles 

The eggs are laid in the dust of floors under nigs or loosely on the hair or in 
nests of their hosts After 3 or 4 days a bristled worm like larva emerges from the egg 
It has 14 segments and a distinct head with biting mandibles The larvae do not au^ 
blood but feed on any sort of organic material sntroundmi them In this *ay pr®'*' 
ably they may ingest the eggs of some parasites the larval stages of which develop U|» 
tn the ^d^lt flea [f such an infected (lea be takeamw the mouth (of a dog tat ortbild) 
parasitic infection mav result Some speoes require blood which they get from t"« 
semi-digeated faeces of the adult fleas Vter one to two weeks or more the larva form* • 
cocoon and develops mto a nymph with three pans of legs The adult flea emerl** 
after about three weeks The whole cycle usually lakes from one to three montM 
The adult fleas under favorable conditions may live from one to two vesrs but tbiv»| 

quickly in hot dry climates If cool and iivoiat they may live for several months witw'i' 

feeding 


KSY 10 Tleas Couuomy Foovd o*r Rats and CAiiroTvaA Gaotrnn Sgvaatti 
A ^\lth combs 
I Eves present 

(0) Combs along inferior border of head and on prothora* OfA0cef«Blus a*' 
and C /(Iff (CliftfcefMi4es C /ths) 

(b) Combs only on prothorag 

(1) RostrurU extending to trochanters 
Ftothoraric comb of about tS spines 
Ceralaphjlliis fatctalHs fasetalus) 

(a) Rostrum extending welt beyond the trochanters 
Fcothoracic comb of about 18 spines 
CeralcPhyllm aculuf (PiaMonut fnenfanHi^ 

(3) Rostrum scarcely reaching half the di tance to the anterior coxae 
Frothoracic comb of about 9 spines 
IIaplofs)Uus anaittalttt 

7 Eyes absent of 

(a) Collar of combs on prolhorax and four bort ones along infenor boroe 
head Leflopiylla muscult uiwrcwfi) (C rrgmi) 

R ttlthout combs „ 

(a) Ocular bristle anses neat upper anterior margin of eye A line betwe u 
and the oral bristle approximately vertical Two bnstles postenor 
antennae A vertical n^e Life thickening on mcsonotum Xtnopsy 
cbeopis (PiOopsilla paUidaf) fForineriy Fufei fAWf'r ) 

(J) Ocular bristle arises near lower anterior margin of eye A hoe between 
and the oral bristle approximately horizontal One bristle posterior 
antennae ^«fe* trnlans 
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the sewer rat W hen the rat dies the fleas leave the dead body and seek 
a new host preferably one similar to the one just abandoned The 
sewerrat reaching the basement ofhonsesand dying of plague is deserted 
b> bis fleas These will attach ihemsdves to the house rats which range 
from basement to roof and later these dying are abandoned by the fleas 
which in the absence of a rodent host will feed on man and infect him 
The black rat was probably istrodaced uto Europe from India some time in tie 
I tb Century and the great epidemics of the 14th and isth Centuries followed As 
Itcrvtsicus the sever rat not being so mnch an associate of war replaced Raltus in 
Europe plague decreased or disappeared Also the dea which 1 e pecially harbored 
by the black rat is more prone to attack man 

Today the house rat is rarely found in Europe while m ma y parts of the tropics it 
13 common and in close association with man The fact that the se er rat avoids the 
upper port ons of houses may be another factor in the infrequency of plague epidemics 
in Eu ope at the present time where this rodent is common It was in former age 
when the house rat was prevalent in Europe that the e were great epidemics 

/Cattur norvegxui IS f stout build with a blunt nose and small opaque eats which 
b ely teach the eyes when laid forward The tailu^rtei than the length of the head 
and body together ($9 per cent of such fength) R rattut is a del cately built rat with 
a slender head and sharp nose The ears are translucent and large nd reach beyond 
the m ddle of the eye when extended The rather del cate tail is about 5 per cent 
longer than the length of the head and body taken together 

In Madias there is practically an absence of R norvegicur altbough R mttus is 
p esent m numbers and the comparative freedom of tbe aty from plague s striking 
Mention has been made of the (act that wild rats present a variable degree of 
immunity to plague infection Sokbey and Cbiire (1937) found in Nasik City w tb a 
plague rate ot 3 4 p t mille that none of 80 black ms from this locality died from 
e penmental infection vihere smMadrasCity withonlyo 3 deaths per mille gi t per 
cent of the rats died Scott (1939) reports that Bombay ha sot for a years shown a 
plague infected rat though eoo are caught daily and brought to the laboratory for 
e anunation and its rats by e pemnent were h ghly immune w th a 7 0 per cent 
suseeptibibiy Nevertheless the human mortality Ilm always been and is now high 
99 S pet mille It is suggested that different races of Ratt s now exist with different 
susceptibility In any 1 cality tbe mote uscept ble die of infect on leaving a higher 
proportion of naturally res tant animals 

Mumford(r94o)hascalledaltent ontothemtroductionof ffstf s allujolexa i nir 
m the Facihc I lands wh ch has been impo taut especiallv in outbreaks of plague in 
Egypt Eskey (10341 has shown that the native Rattaj haJia 1 nsis is an mportant 
agent n ma ntainmg the rural epidemic type of plague m the Hawaiian I lands Wh le 
Scase of human pi gue have been pre cot therein tbe past tw >ea s 90 plague nfected 
rats ha been found n 1043 

A guinea pig set f ee in a hou e s pected of ba bo ing plague nfected fleas is likely 
to become nfected with plague if such fleas re actually present Such a measure has 
beenf equenlly employ dforthedel ctionof plagueinfectionin ahouse and thegumea 
p ghasbeen te meda plague b roioeter Thefleas would p obably select thegumea 
pig as a host prior to man and the presc ce of such a rodent m ght to some degree 
thus be protective to man 

Man IS most commonly 1 fectcd through the agency of the rat flea but fleas f om 
othermfectedrodentsmaygiveriselothei fection or nfection may occur occas onally 
from man t man th 0 gh the agency of the human flea 

Occ sionally pos ibly also through the lo se Ptdtculu hamanus or the bedbug 
Cim X Uclular us Fhihp ( 939) has pointed out tbe p 5 bility of ticks as vectg s and 
Wayson and Eskey ha e found Pasteniella m ticks in the United States Several 
observers have recently emphasized tbe importance of the human flea in connection 
with the ecent Eu opean hum n epidemcs Bacot repotted that of 34 varieties of 
fleaswh ch had beenfound on rodents ai species verep obably transmitters of plague 
and w th at least ii of these speaes expenments demonstrating that they tiansmit 
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througb legurgilaljoD of tte baoUi from its cesopliagus sod proveatnculus lato th* 
wound made by the puncture * 

The specjes of rats which are most concerned in the spread of ph^e 
ate i^atiKs rattus the black rat and MafTc^icHj drcuiHarus) 
the brown rat 



Fjc 164 CUnoctphaUt J {ii j Ce»s(opk;ilui /ojcwtws 3 Uop^p’y^"’ 
onomolas 4 Leplopiylla musculi $ XenoptyU* chiopn 6 Ful<x irrtSuni 7 
Ititemsl analoiny o( fl a lAftw Fm ) («l Maxillary paipus f« 1) pipiMJ”* 

(a 1) mandible 3) Jatnat pitp (« 4) jnauUac ya sJ basal e emen s of rostrum and 
mandibl s (6) salivary pump (e) hypotdiarynx (d) aspirstory pharynx ( 1 ) tnufcJ s « 
the aspirator/ p'-arynx (J) aye (gN oasojdi^ al gangl a (brainl (A) thoracic garsba 
{«) oesophagus (j) saWary duct (k>gzxard (t) sal vary gUnd stomach In) tort* 

(a) ov»ri6 (f) Malpgbiantub lea (plpygiduis (r) r ctuia ahowing re talgands (r> 

aaas (1) intesl nes tu) bursa copnlat vx (a ductus obturator is <bl od duct) ( ' 
re eplaculuto ermn $ or sp rmatheca (iv) ducts of spermatheca (a) vagina (/' uter s 
(s) abdominal ganglia 

Method of Spread — The spread of plague epizootics among r-ts 
seems to be rather by the fierce ^own sewer rat, XaUus narregt^us The 

more delicate black house rat .R raltus usually receives its infection fro® 
Doupbs and Wheeler (t043> confitmed this method of mfection by «perimn>ts 
with »■ nSoviis infectiom and rats 
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Mote Tteeatly Hirst points act Ibat T osf a awst not be regarded as innocuous 
as It may cause outbtealis of plague in tats NevectbelesS it should be teaiarlced that 
X Bit 0 bus been found to be tbe predonmuat speciet ici Ceylon and in tbe damp 
hot provinces of Madras and tower Bengal wltere plague is never senons It rarely 
bites man at temperatures above to F C Wa in a four year study m Shanghai 
found 8s s pet cent of the rata Ji mKm but the prevailing Sea was not V cktopu 
hloce than 7S percent of the fleaaueret^^ psyffo nurcufi C or mr was neat most 
frequent (t; 6 percent) and X eh(»p r wssfoandouty m the autumn and then la small 
proportion (5 pec cent) Wu beUevts that plague has eevec gained a broi {nothold m 
Shanghai and as not liliely to do «o onl sa (wtota develop favoring the prevalence end 
especially the seasonal prevalence of Y tieef t 

The cat fiea Cl nteepMui / 2 1 la not only infectabie with plague but is an active 
biter 0! man Raybaud has found it as ective m biting man as » V tht9pi$ On the 
other hand although C conis u relatively cosmopalitaa in iti distrdiutioa it has sot 
proven to be an important natural transauttcr of plague It has been demonstrated 
by Bacot and others that the 6ea ailtr it has sucked the bkud contamang plague bactili 
may sometimes temaminfetliveforasloogasltam tp to 47 days after biting 

Iiieteorologte&I Influences —Plague toda> is found chiedy tn the 
uatwer Ulitudes Ho-itever eslieme heat and dryness of almosphcte 
are inimical to its spread In a temperate cbmate fleas ate usua[l> most 
Runaerous during the tiarmer seasons of the year hence bubonic plague 
i« more commoa in the summer and autumn months In the tropics 
It 18 most likely to become epidemic when the temperature ranges below 
8s F (yo C) Temperatures of 6ft-77 F are most favorable for muUi 
plication and the activity of the flea Temperaiures over 83 ^ 
unfavorable to the development of the flea especially if the atmosphere 
IS dry 

In India plague occurs dunng the cooler months of the year also 
when the mean temperature is below 85 F (30 C ) and the ait has a 
high relative humidity or as it is sometimes expressed a low saturation 
deficiency 

^\hlte believes that humidity » the most importani factor in the 
spread of plague in India The general curve of the disease for British 
India shows a normal seasonal nse in January with the peak at the 
beginning of March and the ramimum m June Usually a secondary 
rise takes place m August Rat fleas have been found most prevalent in 
India during the months of February to May inclusive The infesta 
tionofJ? »(!n<e;tc7ishasfre{}uently beenmore than double that of fi raltus 
the number of fleas per rat during these months being about 5 for R ralluf 
and IS for R nor-egtcMr Hie length of time the fleas remained infected 
with the plague bacillus depended upon several factors chief of which 
was temperature and hunaidity Dunng one epidemic in Bombay the 
rat fleas remained infected for about 15 days but dunng the non epidemic 
season this time was reduced to 7 days 

In E^t Petrie and Todd esp cuOy stad ed the inSuence of the seaiocs on Ibe 
spread o{ the d seaje In the soothmi pronnees the tnavimuu incidence was in 
lebruary and Mitch but in northeni Eg^ at Aletindtia and Port Said it was in 
July The optimum temperature o( the epdemsc vpread was between so and sj C 
This temperature and th high rebt ve humid ty »tre most f vorable for th develop 
meot of the fiesj On the oihei hand OUea (1531) found that in the mounUiaous 
distncta of Java the £eas reached theae matunma in October and November and that 
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plague jnfecuoa have been performed In man the species usually causing infectiao 
have been Xtnopsylta cheofts Cetatt f kytlus fasctalui itid ocutui and ?;</« jwtow 

The principal rat flea of the Onent » Xenaftylh ekeepii U u the special Bea el 
Raltus raltuf abounding in tropical Muntnes and it is this species of flea that is proae 
to BltacV man and to transmit infectton from rodent to man This flea is witbeul 
combs hhe J'ulex trniant the human flei but is of a lighter color sod has so ociibi 
bristle neat the upper margin of the eye and t»o bristles posterior to the antennae b 
Europe and the United Stales CtraU/kjUttj (AojepsyJ/nti/auialut is the comisoa nt 
flea of S nonegicus It is a capaUe transmitter of infection among rats but u nol 
very prone to attach man I ondebush and Becker (1934) have shown that the tropical 
rat flea V (htofis has establisbed itself 10 the Cast hliddle West and Far West le 
the United States C« ing and Tot (1938] ttunh there ts a possibility that a more 
resistant race of this flen has ben developed ui some of our northern ports such ts 
New York and Boston However Roodebush ftQjo) emphasises that such a view is 
not necessary to account for the survival of the flea in the colder temperatures el 
temperate tones It matters not how low the temperature falls as Jong ss the flea its 
larvae and eggs remain in the warm confines of the rat s tunnel The same waimlh 
which allows the rat to live can also keep the flea alive Eskey (1938) has found that 
of all fleas tested in the United States \ chetfn contracts plague infection much the 
mast easily the ppjporttan being sS P<r for thupis and only ri per cent fw »li 
other fleas. 

fuUt ireilonr has recently been found m nature on susceptible ndd redcBls loi 
JellisoB and Kohls (1936) suggest that it may play a part In future epidemics 10 tht 
nearby human popubtion in Califoroia Oregon and hleclana Its tele in the riniu* 
epidemic has been referred to Also on epidemiological grounds Esliey believes that 
P trrifonr i< probably responsible for most of the human cases of plague la the hi JJ 
rrtouhtaift districts of Lcuadof where X ehwpts does not oenit BUitc and Baltazatd 
have demonstrated the impoftance of P tmlantu a veelorm the epidemic lo Morocco 
in 1941 The fleas were taken from the plague patients and fed upon rats which sue 
cumbed to the infection 

Many other species of fleas may also traosmit plague la East Africa Kenya ana 
Uganda another speciea of X*it«ps}lla X br« tlifntis was found by Kauatse (i93f' 
to be a mote important vector than X (kt«ptt Moreover it is the flea found com 
monly in the huts In 1934 in an outbreak of plague >a the Argentine Pampas so 
rats and no X theapn were found but there was an epiaootic among a wild rodent 
Groemyi irutojtavus almost ubiquitous there and of arboreal habits The prevaibng 
flea was Khopalepsyllin eecidenlolts and the rodent flea Index was as high as 6 ''hw 
Ctralapkylluf fasemiut u a relatively good transmitter of eapenmental pUgue never 
iheless in some localities as In Australia and Europe where it prevails Hurt points out 

that its period of masimnm seasonal prevalence falls outside the plague reason 

In California and Oregon the ground squirrel Cifr/f«r bterkyt has become ioi«t* 
and may transmit the disease by its fleas Certtapky1l«s actilut and 
MoJuf Eskey and Haas have shown that ty species of fleas from North Amrncan 
rodents may be infected and Sransmil plague by their bites In Argentina and F 
Rkopathpsy!l»^ eaiicela of the caw 10 South Africa \en0psylla triios Zhno/iy''"* 
lypsus and Chiastapsvllns rastt of the gecbilteand the multimammaie roouse as «<■> ** 

otherrpcnesoffleasonwiH rodents bavebeenujcnoimatedastbe natural transmitters 

In the residual area in Transbaikalia CnalaphyUus jjfojj/eiiis on the tarbagin an 
C tesQUOTum on the ground squirrel are involved .. 

Hirst and Ctagg have ladependenlly suggested that another species 
oiho which coiaiaonly infects rats m certain parts of India does not bite man wi 
avidity and is probably not concerned in the transmission of human plague IWs 
also slates that in his eepenments he has been unable to transmit plague from rat 
rat by means of flsfio It would however be very dangerous to disregard the eapaoiii y 
of asfio to convey plague mfeciuin particulMfy wnce the very closely allied speci 
yMa/>ryff» ckeepn is one of the most conmon trsnsroitiers of plague 
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dead or dying rodents On the Gold Coast the giant rat Cnceton ys gamfc anus and in 
Kenya the held rat 4 efrysnnuns are important. 

In the Argentine one of the Cncetidae Graamys griseali lus has been found espe 
c ally infected Moll (194O believes the g nea pigs kept in the houses of Indians in 
Ecuador and eaten by them as food a e responsible for the maintenance and spread of 
plague infection 

At the Calcutta Conference in 1934 it nas pointed out that epizootics m the Cum 
bum \ alley were often preceded by death among band coots Peramehdae followed by 
h gh mortality among rats and mice 

Other Means of Infection — Human infection however isnotalwajs 
transmitted by fleas In a small percentage of the bubonic cases infec 
tion occurs from exposure of abraided surfaces of the skin to the plague 
baallus Instances of such infection have occurred in barefooted indi 
viduals with small wounds of the feet from walking on floors or stepping 
on material infected with plague bacilli or through abrasions on the 
hands of those who have performed autopsies on or handled the bodies 
of those who have died of plague or who have shot and skinned rodents 
infected with plague 

Infection in primary human septicaenuc plague is usuaU> acquired 
through the mucous membranes particularly of the mouth and threat 
and the conjunctiv ae Parudes of infected sputum which hav c been acci 
dentally coughed into the eye have produced human septicaenuc plague 
Animals such as monkeys may be given primary septicaemia plague by 
mstdlmg a few drops of a culture of Baallus pesits in the ey e or by rubbing 
a small amount of the culture on the mucous membranes of the gums 
without producing visible erosions Infection of the mucous membranes 
of the mouth may occur al»o in man through the hands conveying infec 
tion as might occur in individuals who have shot or skinned infected 
rodents 

There has been an outbreak of septicaenuc plague reported m Ceylon 
in which there was an absence of plague m rats The infection was 
possibly transferred directly through human fleas ot bedbugs 

In epidemics of primary pneumonic plague infection does not occur 
as m bubonic plague throng the agency of heavily infected fleas or 
through the skin but directly from man to man aerially through droplets 
of infected sputum expelled bv coughing as was conclusively shown by 
Teague and the writer in the Manchurian epidemic In no other infec 
tious disease have such enormous numbers of uniformly highly virulent 
microorganisms been demonstrated m the droplets of sputum coughed up 
by patients with primary epidenuc plague pneumonia 

The influeiice of the env ronmeat 1 temper ture s also of imp rtance m the spread 
of pneumoD c plague T agu in conDccUon with our Maachunan studies ( 913) 
espec Ily emphasized that atmospheric temperature is an import ct f ctor in deter 
mimog the spread orfailureto p d ofpneum mcpUgue Later worbngin Manila 
nithBarbei itwas I pointedont that fiioedroplctscontainmgplague bacilli remained 
longer m s ch n atmosphere with a very small water dehc t such an atmosphere under 
ordinary circumstances bein of commonoccarre ce n ery cold climates asManchuna 
n wi t r whereas it is e t em ly r e n w rm ones 

Th writer found in Mancbur a that the plague bacillu will remain not only viable 
but fully virulent fter weeks m frozen spntiim or m frozen corpses When such 
sputum bee m s frozen and pulverized itm yhe blown about and remain mfect ve for 
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human pljsut reachtd als maMmum ui December Tht flra indw JoUowed it* r)« 
and fall o{ the saturation deficiency wUi^ u contrary to what usually occurs w Mj. 
Rogers believes that the deebee of plague la India during (he height of the hot leasoe 
15 due to high teroperature and high saturation defciency 3n general sunlight sod 
drying are the especially mimical (acton (or the development off feslis and the dry 
seasons are unfavorable (or (he spread o( plague 


PneumotHc plagut not being spread by the flea is obvious!) not 
influenced by temperature jn this way, thouj^h cold temperatures favot 
the outbreaks of large cpidermcs The bacillus of pJague can withstand 
freezing temperatures for months 

S)lvaiic plague is the term which has been applied to plague occurnng 
as an epizootic among wild rodents in wooded or rural districts, utoalfy 
not inhabited bj man and where there has been no knowledge of lie 
human disease In syhattc plague subacute and chronic m/cctionsbave 
been encountered as well as latent plague infection Thus thetarbagan 
when contracting the plague tn the autumn may harbor the virus dunug 
hibernation and in che ensuing spring the tnlectinty niaj be renetvtd 
and the animal may start an epuootic Jn some instances lymph nodes 
have been found swollen in rodents without other obvious sjTcpioffls or 
gross pathological changes (See below page 675) 

ReceoUy m Caldoraia a melkod oi discovering occult plague wss employed is wkidi 
£ea» Here collected from ground squirrels in the £eld kiPed by chloroform ani su> 
peaded in physiological sobnes end ioler inoculated into other hborstoiy sniasls 
Though It IS said the squvttels themselves slx> \ed no evidences of plague inoculstwoiof 
the fleas into other wdene* cere »id to give tiw to some losUnce* to lepuesemic pisgw 
£shey (1939) found that fleas lulled with hydrocyanic gos 11 ere touch more inlective lot 
guinea pigs than if kiUed with chlorolorm or ether 


Syltatic plai,ue ts dangerous to man only when he enters these region 
populated by ivdd rodents and exposes himself to their fleas or handies 
and kills the infected animals 


u Lien Teh (,1936) gives » list of 71 rod^ls other lhao dome tic rats and mice 
which are saii to suiter {som plague in nature However a number of these have set 
been demonslrated to be of great importance 

la Calilornia especially CiliUusbeuhyt tbe^round squirrel andlourteenotherspe^ts 
ate icitected In this region a! o the tree squirrel diipmunk marmot and praine Qoj 
have all been found infected , 

la Maaebona Afclomys hehac the tarbagan and several other smaller species 01 
rodents and m South West Russia ^’/fmo/Si/uuunJioisandotherspermopbilesba'e 
pUyed important roles »a causing infectmn 

InWest Africa Leger and Daury found that the shrew Crecioura slamfUu 
role in the DaLar plague epidemic la South Africa on the high veld the gtttnlie* 
Talerena Icbcn^itiae and DtsnwiiUiis ourieiilans the ground squirrel Ctaiciurui 

and the small mouse iCas mys fontha have recently been, infected and these rooM * 

have shown a very high mortality ovw a wide «tea The domestic muHitnammate 
rodent ifastomys eoutha seems to be the host by •which the infection on tlie high veM u 
jransi»tf«d to rnan -which jtseU may become infected by the wild gwbille TaUTona 
lobtngulat In the lower bush tonotiy >n South Africa the striped mouse Jtiiawowtr 
eumilif plays the chief role while tie spnnghaas Ftdtfes eajff a gutiC icrw* 
ircount of Its eitreme mobility a capable of widely dcsseoaasting P'a^e 
carnivores (besuricoteandlheyeflowmonguosc are suscepUble to plague by feediogo 
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primarily mvoUed Monkeys are very susceptible to plague but no 
epizootics among them have been recorded 

Age sex race and ocru^aiiou are not predisposing factors of importance 
in connection with plague Both the young and old are equally suscep 
tible During epidemics more cases occur between the ages of zo and 40 
but this IS due particularly to increased exposure to infection during 
these years of life 

In some outhrexks more cases have occurr d m women but there again the bab ts 
of the women m living more continuonsly mdoois under unhygienic conditions seems 
to have been a factor of greater importance than sex in connection with the incidence of 
the disease In the Manchurian epidemic of pneumon c plague the women and 
children were not so frequently c posel to infection and the number of cases of pneu 
monic plague which occurred R v omen and children as compared with the number m 
men was comparatively smal' It 1 tree that mote cases of bubonic pf gue octui among 
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natives in the tropics than lo Europeans in such locahties or than in md viduals in 
temperate chmates Th s is depend nt pa t cularly upon the fact that the natives m 
the tropics are generally lightly cbd and more exirased to the bites of fleas and that 
hke ise they generally dwell under m e u hype k and uns nitary conditions Th 
apparent immunity of some r ces in endemic di tncts is largely due to the good hyg en c 
conditions under which they live 

Pathology 

It IS rare that one find> the pnmary vesicle marking the site of entrance 
of the plague infection Thus in 13 cases where plague was contracted by 
direct cutaneous inoculation of those performing autopsies on plague 
victims only two showed evidences of local reaction as shown by the 
formation of a pnmary vesicle 

The chief points noted m a plague autopsy are (i) The marked 
in\ oh ement of the lymphatic system as shown by intense congestion and 
haemorrhagic oedema of the lymphatic glands Not only are the glands 
involved tributary to the site of inoculation thus forming the pnmary 
bubo but there IS secondarily more or less inflammatory change m many of 
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con$i<l«r4bly longer penods of utoe tban trb&t m the farm of moi« dropltts. 
or small groups of cases of pneumoDiC plague (more commooIyofpaeuBoaicpli'ae 
secondary to bubomc) have stnte rfie 'MancbanaQ epidctnic occucted m vinon pirts 
of the ftorld generally Jij tropical feat sometitnes jn temperate climates Howitr 
under the ccvironmcDtsl conditions «hm these outbreaha occurred the disease hss not 
assumed epidemic proportions 

One of the most important of these smalt oultireats occurred m California jb lie 
winter of tgi4 The first cast in the outbreak nas of bubomc character Sahse 
quently ga cases of pneumonic plague developed rapidly (tom contact sU termmat'i'J 
fatally The immediate sanitary measures undertaken by the efficient health 
ties prc'ented the further spread of the disease 

The conditions in nintet m 'Manchuna which cannot be described in detail here 
still greatly favor outbreaks of pnmary pneumonic plague 

It has been suggested recently that in such epidemics the pUgue bacillus must act is 
symbiosis with another organism la order t<j bnog about such epidemic mamfestations 
but there IS Dae\idence that this is true Normaa WTulestatej thaf hehajcomelolht 
conclusion that the plague bacillus afone does not and cannot cause widespread epi 
demies of pneurnoRic plague Anyone boweser who is wdbng to take the psk css 
easily demonstrate that by spraying pure cultures of highly virulent plague bacilli fit* 
from any other organism or bacteriophage there can be pwduced lu guinea pi’^ 
monkeys or taebagans who breathe the atmosphere contajjuog the ptigue bacilius, 
outbreaks of typical priraaty pUgue pneumonia as observed m human bem $ As As* 
been pointed out by Petne during these severe epidemic* gn esientiil requisite fdflJi* 
preadoi tbewfeclwn is the close contact between the wck and the braltby that result* 
from overctonding or fconi the habits of those erposed to risk Outbreaks of pneumonic 
plague not uisfomraonly take their mmeJiate origin f«m patient* with bubonic ot 
septicaemic plague in n bom a secondary pneumooia has supervened >ucb a cate esusn* 

% prttnary paeunvirwc vnfectoon vn another individual 

The possibility of carrier* of plague baciQi m those who ButhtgoontoconvaJfrfMce 
need not be considered <s practically all ca es of pnmary (fitdemc plague pBeu®*<“* 
die Other mateeul from the patient than sputusi does not seem to be » source cl 
danger m the spread of plague so that there is no need for the gefie«l disinfection w 
faeces In a few instance* however theunnemaybeeomesetonlirilyuifected Ogata 
has called attention to this and the Plague Research Commissioa found in a septica'mie 
case of plague that th onne was mfeeud and lulled a guinea pig nhen aiocuWeo 
subcutaneously , 

tVith reference to the devetopment of priroary pneumoiMC plague a history o 
association with another patient with symptoms suspicious of plague lofectioo or a 
history of having shot or handled or skinned a possibly infected rodent may often m 
obtained the infection being transmitted by the hands to the mouth and thence to lie 
larynt and bronchi Absence of proper ventilation overcrowdmg and tlo^ contact 
between the sick and healthy as well as low atmospheric temperature are predispotins 
factors of great importance m the spread of pruntry pneumonic plague 

In bubonic plague also the social and hyjs'nw conditions of the patient are oltc 
important, pivdispowng factor* and the disease is paiUcuIariy associated with 61 

absence of proper ventilation overcrowdisg and the parasitic aceompsniment oisuc 
conditions 

It IS a matter of d^wnence that the transference of plague from 
to place generally occurs from infected rats or infected fleas which hav< 
been transported by ships though sometimes by rad and other conv«> 
ances A case of bubonic plague m a ward viith other patients 
not be a source of danger provided there wis freedom from fleas and tha 
no plague patient developed a secondary pneumonia It is ver> doubt 
fuJ as to human infection ever taking place bj wav of the alimentary 
canal although there is some evjdeace that rarely the tonsil may be 
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plague in Cejlon m cases where plague baaUi were demonstrated in 
smears and cultures from spleen and blood Castellani noted especially 
memngeaV congestion and some spltnit tnlargcnvent 

Sysiptouatolocy 

Incubation Penod — The incubation period of human plague \anes 
usually from 2 to 10 days but is generally from 3 to 4 days In primary 
pneumonic plague it may not be over i or 3 days 

Symptoms and Course of Bobonjc Plague — In bubonic plague pre 
moiutory symptoms are not usually observed though occasionally there 
may be i or j days of malaise and headache The onset except in mild 
cases IS usually abrupt with fever commonly accompanied by a moderate 
ngor or repeated shixenngs The temperature rises rapidly to i03*F or 
104 F sometimes even reaching 107 F The pulse becomes rapid and 



the respirations increased There is headache which is usually severe 
and mental dullnes and this condition is generally followed by mental 
anxiety or excitement The patient may become maniacal The skin 
IS hot and dry the face bloated the eyes injected and the hearing dulled 
The tongue is usually swollen and coated with a creamy fur or later with 
a brown or black layer The symptoms usually complained of within 
the fir t 24 hours are very severe headache and backache Burning m 
the throat or stomach and nausea and vomiting may occur Constipa 
tion IS present as a rule The pulse is either very small and thread bke 
or full and bounding At times there may be acute delinum at others 
lethargy and coma In children convulsions usually occur The unne 
vs scanty and generally does not contam more than a trace of albumin 
and no casts Later in the disease the albumin mav increase somewhat 
The high febnle stage lasts from a to 5 days or longer The decline in 
temperature mav be sudden or gradual Cases that do well usually show 
a gradual fall of temp rature and after 14 days the temperature may be 
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the lymphatic glands of the body There is also a marked pen^’a’iduk 
oedema vfith haemorrhagic extravasations ol the connectiie tissue 
surrounding the primary bubo this mass being made up of a group of 
glands matted together by this pengkndular exudate 

(2) The marked destructive effect of the toxjne of the plague bacillus 
upon the endothelial cell lining of blood vessels as well as of lymphatic on« 
This causes the extensive blo^ extravasations so characteristic of pboue 






show n by petechial spots, not only 
* N 1^® skin but of the serous aod 

T 'i " <!''• mucous membranes as well through 

>V ^ ^ out the body 

y -4' ^ There IS a general corgestii'H of all 

^ organs of the body The meningM 

^ - i of the brain are deeply congested and 

there may be bacffiorrbapc Mtrava 
** - ^ sations in the brain substance Itself 

HowevermeningiUshasbeentepotteQ 

only in a few cases Tbcspleeais 
generally markedly congested awj 
v-y^-2 enlarged to 2 or 3 times its nonnsl 

* «/i. w *' sue There may be haemerrbape 

, extravasations throughout the spleen 

pulp The bacilli are chiefly scat 

f y tered throughout the xenous smuscs 

M There is abo active congestion w 

jfS\ *ZK * s** the liver The kidneys are intemly 

* * congested haemorrhages beneath the 

' Vi’* » * • capsule are usual and we often find 

^ ^ * •' hyalire fibrin thrombi in the tufts 
’ of ‘h® Malpighian bodies as was 

'wt* * ^ emphasized particulailv by Htrtog 
▼ e^.j§Si?W *jt xn Manila The plague toxm h« a 
««• Jtiv * <22 ft marked effect on the cardiac muscle 

t * 50 that we usuallv find dilatation 01 

'* ^ the right side of the heart with fatty 

Pio ice—Hyalne fibin ttiromt^ degeneration of the uiuscle fibers m 

(Govt b.o.<>b Ub» &U«U) ^ pathology of pomary 

pneumonic plague, Strong noted pencardial and pleural eccbymoses wi 
fibnnous pleurisy over the affected lung areas The process ^ 
brat lobular, but Uter might involve the entire lobe There was mark 
congestion of the bronchial mucosa with involvement of the brott'-hia 
elands Tht. larynx and trachea are also intenselv congested MiM®* 
scopically there is a distension of the alveoli and bronchial passage 
with a haemorrhagic exudate There is practically »o fibrin in the alv eo a 
exudate The process seems to extend by continuity along the bron 
and bronchioles Plague bacilli pack the exudate found in fhe bron 
and bronchioles In a report on the autopsy findings of septicje 
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seta iQ rodtais Legef ind Baury fo«nd th«e appaiwtly healthy individuaU in a 
plague district who had moderately enlarged nguinal glands which were not inflamed 
or tender However in the fluid Irom these glands plague biciU were demonstrated 
by microscopical examination and ammal niocuUtion They point out that such 
patients may serve as earners In Biaail Macchiavello (1941) has described a 
di ease known as cold bubo (mgiidde /ri«) or stone (ever in wb cb the bubo has a tend 
ency to become ligneous and to be ahso bed or to recur Tbe cond t on has been 
proved bacteriologically to be plague Katnal (1941) found in an ep dem c m Egypt a 
number of children with large glands aometimcs tender sometimes painless but with 
no other symptoms He regarded these as cases of inapparent or ambulatory plague 
Symptoms and Course of Pneumonic Plague — The onset of the disease 
IS usually somewhat abrupt prodromal symptoms are rare The disea e 
usually begins iMth chilly sensations but a distinct ngot is unusual 
Epistaxis is also rare There is headache loss of appetite an increase 
in the pulse rate and fever Within from twenty four to thirty sis 
hours after the onset the temperature usually has reached loy i or 



1Q4 F and the pulse 110 to 130 or mote beats per minute Cough and 
dyspnoea appear within twenty four hours after the onset of tbe first 
symptoms The cough is usually not painful The expectoration is at 
first scanty but soon becomes more abundant The sputum at first 
consists of mucus which shortly becomes blood ling^ Later the 
sputum becomes much thinner and of a bright red color it then contains 
enormous numbers of plague baalli in almost pure culture The typical 
rusty sputum of croupous pneumonia was not obserxed The conjunc 
ti\ae become injected and the tongue coaled with either a while or 
brownish Uyer The expression is usually anxious and the face fre 
quently assumes a dusky hue Labial herpes is very uncommon The 
patients sometimes complain of pam in the chest but usually this is not 
severe Apart from the disturbances due to the dyspnoea and their 
anxiety for their condition they usually appear to suffer but little and 
usually do not complam of pam In the later stages of the disease the 
respirations become greatly increased and the dyspnoea usually very 
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subnormal Buboes inflammatory enlargements of the l>mph gbnds 
are sometimes the first sign to attract attention by their pam They 
more often make their appearance from the second to the fifth day after 
the onset of the fever The temperature frequently shows a decbne 
when they appear The aiTected gland is often hard and painful to the 
touch In fatal cases, it may retain these characlerisbcs, m others it 
suppurates The average size of the bubo is from a walnut to an eg 
Buboes appear m 75 per cent of the cases In the cases in which buboes 
are present, they occur in the inguinal glands in approximately 65 to 
70 per cent in the axillary 15 to 20 per cent and the cervical, S to 10 per 
cent Carbuncles appear m about 2 per cent in which there are reddened 
indurated patches of skin which subsequently necrose The spleen is 
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frequently moderately enlarged, but often cannot be palpated Haemor 
rhages from the stomach and intestine are not uncommon and when the 
disease is complicated with the pneumonic form they may occur from the 
lung Epistaxis is also not infrequent The blood usually shows a 
leucocytosis of forty thousand or more the increase being m the poy 
morphonuclear leucocytes The plague organism can be isolated from 
the blood m about forty fiv e per cent of the bubonic cases 

Course — The attack of high fever lasts generally three to five day* 
ot longer but the patient may die earlier If however he lives or 
fixe days there is greater chance of recovery If the bubo suppura e 
recovery may be delayed from two or three weeks to a month 

Mild Cases of Bubonic Plague Pestis Muor —In this type of plague there 1”*^ ^ 
often very slight fever or prostration with swelling and tenderness of the glands o 
groin more rarely of one side of the neck or nulla The glands may or may not W 
purate and the developing bubo way resolve So/netiinfs the patient is no 
enough to go to bed and these cases arc not lolieqoently ambulatory in tbatactet 
the mor« chronic forms the buboes are often indolent and may last two or mow 
In microscopical preparations made from them small numbers of plague bacim 
ciawnty of which have degenerated and undergone involution are frequently wu 
These cases correspond in some respects to the subacute and chronic forms 01 p 8“ 
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Symptoms and Course of Septicaenuc Plague — Septicaemic plague 
may occur during the course of bubomc plague always occurs m pneu 
momc plague and may occur as a form of primary infection 'IVlien 
primary septicaemic plague results Uie infection has usually occurred 
through the mucous membrane of the mouth and throat death resulting 
from septicaemia before macroscopic lesions are visible m the hmphalic 
glands or lungs Ncvertheles at autopsv at least some of the lym 
phalics are usually found to be enlarged congested and even haemor 
rhagic and in a few instances early buboes may develop shortly before 
death 

la this form the nervous and certhnt symptoms often develop with great rapidity 
and intensity and the course of Ih disease is very rapid the baciUi appearing in the 
blood almost at the onset of severe symptoms The attack usually begins with trem 
bling and rigors inteasebeads h* vonubng andhighfever The countenance ususlly 
depicts intense ansiety ratremc nervous prostration restlessness tspid shallow 
r spuations anddehriumare commoQsymptoms In some cases the cardiac symptoms 
Me she most promuient The patients «son pass into a comatose condition and die 
sometimes within J4 hours of the onset of the attack but sometimes not untd the third 
day Cases of primary septicaemic plague ate always fatal Haemorrhages from the 
intestine somettmea occur in this fotmof plague as neU asmbuboni plagu There is 
no d stinct evidence that uch cases an of prunaty intestinal origin HaeBiorthages 
from the no e and kidneys ate also not uncommon 

Discussion op Svtfptoifs and PAtooLorirAL Conditioss in Detail 
Cuculatory System —The pUgue bacillus produces a ponerful endo 
tonn which often cau es a dilatation of the arteries loei enng of the blood 
pressure and alterations in the tunctiooal activity of the heart as well as 
degenerative changes m the heart muscle It also acts particularly 
upon the endothelial cells of the blood vessels and lymphatics the inflam 
matorv reaction Irequentlv causing circulatory obstruction One of the 
most characteristic features of the pathology ol plague is the tendency to 
produce general dilatation and enyorgement of the vessels with cutaneous 
suhserous submucous parenchymatous and interstitial haemorrhages 
In patients who have died of plague the most common of the latter are 
m the epicardium the pleura penloncal surfaces the stomach and 
intestines and the mucosa of the stomach and small intestine Some 
times extensive haemorrhagic are found m the peritoneal mediastinal or 
pleural cavities In the kidneys there are frequently subcapsular and 
renal haemorrhages and blood extravasation into the pelves of the kidneys 
and ureters as well as in the bladder and generative organs 

Sometimes there are considerable extravasations of blood into the 
substance of the brain In bubonic plague numerous haemorrhages are 
almost always present in the bubo The Ussucs are characterized by 
vascular dilatation and engorgement followed by oedematous infiltration 
the effect of the toxin being evident on the vessel walls The endothelial 
cells become swollen prohfeiated and degenerated Later hyaline 
degeneration of the walls may occur 

During the clinical course of the disea e haemorrhages arc frequent 
The bleeding may take place from the nose mouth lungs stomach or 
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marked, the patients frequently gasping for air for several hours before 
death Cyanosis is then common 

The signs of cardiac involvement are ahvays marked in the advanced 
cases the pulse becoming gradually more rapid, feeble, and running, finally 
It can not be felt 


Gallop fhylhm of the heart sounds u frequently observed Death frequently occurs 
trom cardiac paralysi and exhaustion The patients succumb after slight phyacsl 
exertion such as iiitinf up in bed to tne 
nourishment of on being moved A few 
I hours before death the temperature often 
[ declines to below normal Delinumandcooia 
are frequently present before death 

The urine tn the later stages nuy show 
I the pre ence of albumin The disio and 
I indican reactions have not been observed in 
the fevr cases in which the urine was tested 
tttravasations of blood have been femnd m 
the pelves of the ludneys at postmorltn 
examination ,, ... 

The spleen is usually net palpable and tpe 
I lymphatic glands not enlarged retechiaeir 
occasionally seen but larger 

of the skin are usually not present B ooW 

diarrhoea is occasionally observed riagu' 
ba illi frequently may be present lo the Wood 
in such numbers that a simple nicrovcepics^ 
examination sulTces for their detection m 
' other cases cultures are necessary for meif 
' discovery A marked leucovy tosis may occur 
though m some very severe cases the leuco 
cytes are net increased , 

The physical signs m the lungs are ollen 
slight even m cases well advanced in h* 
disease On percussion dullness is often 
sent and the vocal fremitus and rewnamt 
unchanged In a smaU proportion of msm 
lo...,, .«.!)« O, liTta ,r..; ol 
may be discovered On auscultation riles 

are frequently not present ercept sho^ y 
before death When present early 
.... .h.y .re ’‘"2 

Numerous moist riles are heard late i 

from the condition of the lungs and bmncci 
and the character of the exudate 

■s of catarrhal bronchitis usually a 
)r pure tubular t« P* 
auscultation 



pla^e (After photo of losUtute of 
Trop cal flygien Amsterdam ) 


at necropsy Coarse riles such as occur m cases oi 
not uresent Teeble respiratory sounds tububr modihcation - 

ration over small areas are the (mnditions found most commonly on a 
Not infrequently a dry pleuritic rub is heard . . 

The limits of dullness of the heart arc sometimes increas^ to the , y, 
eternum The heart sounds are rapid and usually become feeble or ^e 

accentuated but it soon becomes much kss distinct 




Blood —Early in the disease there is no reduction in the number of red 
blood corpuscles or in the percentage of the haemoglobin In fact both 
Rogers and Castellani have observed that the red cells and haemoglobin 
are not infrequently increased abose normal In the late stages of 
bubomc plague particularly m the cases with complications a moderate 
secondary anaemia may occur A leucocytosis is almost invariable in 
bubonic plague CTcept in the mildest cases during the first three days 
of the disease Usually the count is m the neighborhood of from twent> 
to twenty five thousand In about five per cent of the cases it may be 
higher the leucocjtes occasionaUy numbering forty thousand or even 
more A differential count wdl show that the polymorphonuclear leuco 
cytes are found to be increased and the targe mononncleai cells usually 
diminished In some of the very rapidly fatal septicaemic and primary 
pneumonic cases in which collapse and death appear early there may be 
no leucocytosis In such cases plague bacilli may sometimes be present 
in the blood in such numbers that a simple microscopical examination 
of a hardened and stained specimen suffices for their detection The 
plague bacillus can be cultivated from the blood in the primary septicaemic 
and primary pneumonic cases as well as in about one half of the bubonic 
cases of plague The plague bactlU after they appear in the blood in 
bubonic plague increase up to the time of death and they can always be 
culti\ ated from the blood at autopsy Over ninety per cent of the cases of 
bubomc plague m which the bacilli appear in the blood terminate fatally 

Buboes — Buboes or inffaenmatory swellings of the lymphatic glands 
which develop in about three fourths of the cases of plague may become 
noticeable any time ftom the onset of the atucL to the fifth day Mote 
often they develop within forty eight hours of the onset of the fever Usu 
ally they increase rapidly in sue 

At first a single gland may be felt enlarged bat more commonly several adjacent 
glands are invol ed Som times groups of glands become successively infected i 
wh cb case there is always more or less penglandulst infiltration Thus a bubo m tbe 
inguinal region not m( eqi ently extends into tbe ihac regon ffectmg the lymphatic 
glands of the abdominal cavity and (onmog secondary buboes which can sometimes 
be felt as a mass through the abdominal wall This conditon has been mistaken for 
an append cul r abscess The buboes saiy greatly m siz more commonly they are 
bout the size of a walnut but they may beaslargeasaneggor even an orange They 
are usually s ngle but ui about ten to twelve per cent of the cases they may be mult pie 
and form on both sides of the body As has been emphasized the buboes form in the 
inguinal region in from about sc ty to seventy per cent one or more of the ngmnal or 
femoral glands being invol ed. In about fifteen to twenty per cent they occur m the 
a illary region where the bubo often occlndes tbe aaiUary space and obliterates the out 
bne of tbe margin of tbe pectoiahs major In this region there is usually extensive 
inSammatory exudation which extends over the side of the chest and sometimes upwards 
to the shoulders and even to the side of th neck Siich cases frequently result fatally 
and cases with axillary buboes often becmae sept caecuc early m the 6sease In about 
five to ten per cent of the rases the bubo forms under tbe jaw oral its angle more rarely 
Isewherz m the neck or m the tonsils In these situations there is often much oedema 
and exudation especially m tbe vmnity of the bubo and the patient may die from 
sufiocat n the trachea and glott s first becoming eryoed matous In some instances 
in wh ch Ihebuboeshavt occu edinth tonsils cases have been m tak n for diphtheria 
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kidney andsometiinesironitheutenisandbladder These baeinorrbagn 
generally occur in severe cases of the disease On examining the skia 
small punctiform haemorrhages from about i to 2 millimeters in diameter 
are sometimes observed scattered over the skin in greater or less profusion 
The petechiae may occur on the face, neck chest abdomen or extremities 
Sometimes larger patches of ccchymosis jn the neighborhood of i centi 
meter m diameter are obserxed 10 the skin Larger cutaneous effusions 
of blood are rarel> seen, except at autopsy The purpuric haemorrhages 
in bubonic plague usually do not appear before the third day of the disease 
However, m scpticaemic plague thej may be seen earlier 


Heart — At autopsy the ngbt wde of the heart and the great veins are u ually 
distended with fluid oronly partially coagulated blood During the disease tbepsUent 
frequently experiences a feeling of oppression over the precordial region The hestl 
sounds at first are clear and the second pultnomc sound may be acientuated 
the disease progresses they become feebler or embryocardiac in character and the ^ 
sound may be no longer heard Sometimes heart failure may occur without anyslhtr 
sign of collapse It may occur following eteition such as sitting up but it somet*"’'* 
takes place while the patient is lying 10 M In primary irpticaemic plague the rout** 
of which u very rapid the cardiac symptoms are frequently the most prominent sum 
I n pneumonic plague the limits of dullness of the heart are sometimes increasea to 
right of the sternum At onset the second pulmonic may be accentuated 
becomes indistinct As the disease progresses gallop rhythm may occur 


takes place usually from cardiac paralysis and exhaustion , 

Pulse —The pulse in bubonic plague vanes greatly Mote commonly at the op 
of the disease it u full and bounding 100 to lao per minute becoming later sM 
rapid iro to 140 per minute small thready irregular and often dicrotic Kea 
in some cases it is small and thread like and very rapid Irom the onset oj 
In cases likely to prove fatal the puUe becomes $0 rapid and thready that 
impossible to count it In such cases however the larger srtenes can 
observed to pulsate forcibly In mild cases of plague the pulse may only 
slight acceleration , ^ 

Temperature —The temperature curve 10 plague is often very irregiJar ana 
characteristic In the severe cases the initial nse is usually rapid and may be , 

from loj F to 106 f The temperature may reach its highest point J ,( 

the first day of fever but usually the height of the curve is not reached tUl ^ 
of the second or third day From the third to the fifth day there is usually a rem 
of several degrees Later the temperature may again nse and in mal ' , 

reach 107 F before death A sudden fall of temperature during the height oi tn 
ease with a collapsed condition sometimes occurs and usually also indicates a 
issue In more favorable cases after the secondary nse the temperature 
slowly and gradually with more marked remissions each morning until the j 

even subnormal point 11 reached The course of the fever often lasts in uncomp 
cases from 6 to IS days Suppuration of the buboes however may cause grea * 
larity of temperature and the occurrence of complications may considerably p 
the period of fever As a rule the higher and more continuous ‘«e **'”P"* 
everer the other symptoms In mild cases of bubonic plague the tempera ^ 
fall to normal as early as the second or third day and it may not reach ov« <^ 
during the attack In primary septicaemic plague the temperature osn»|‘y ' 
denly and remains high until death supervenes Occasionally however I ^ P 
lives from forly-eifcht to seventy two hours after the onset the temperature y 
sudienly reaching normal or becoming subnormal just before the fatal ^ 

ontoary^pneumoni plague the onset of the temperature is rapid and caches t » 
mum point usually within twenty four to thirty six hours In this form of the 
the temperature also often declines to below normal before death 
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be formed u the lungs In addition pneumonia id bubonic plague may occur as a 
result of infection with Diplecoccus pne Mcntae and in some of these les ons both the 
diplococcus and the plague bacillus majr be encountered In the metastatic form of 
pneumonia it is frequently very difficult to recognize the condition chnically Occa 
sional crepitant riles may be heard over small areas In such cases the rapid decline 
in the general cond tion of the patient may suggest the condition However if the 
lesions are sufficiently eatens ve in the lungs plague bacilU may sometimes be found 
n the sputum 

Urinary System — The kidneys are usually markedly affected in plague Conges 
tion and parenchymatous degeneration are almost always present Extensi e haemor 
rhages may occur m the pelves of the kidneys ureters or bladder Microscopically 
profound cloudy swelling of the epithelium of the unniferous tubules with the presence 
of granular or hyahne material in the latter is almost always present in fatal cases A 
very characteristic change m the kidneys in plague sometimes observed is the presence 
of hyaline fibrin thrombosis of the glomerular capdl nes A lesion which was first 
emphasized in hfanila by He zog (ipog) These lesions explain m a general way the 
urinary distu bances wb ch may be observed clinically The urine is usually dimmished 
in quantity of a high color sometimes smoky and of hi^ specific gravity It usually 
contains a moderate amount of albumm but albumin is not always present m the less 
severe cates The urea uric acid and chlorides ate often decreased Microscopically 
epithelial cells pus cells and sometimes ted blood corpuKks and e en plague bacilli 
may be observed The plague bacillus does uot usually occur in kidney tissue in par 
ti ularly large numbers and it is probable that only when this organism is present m 
cons i rsble numbers <R the eapsulsrspace of the glomeruli orwhere there has occurred 
haemorrhage in the uri ary system will the pbgue bacillus be found m the unns In 
grave cases of plague haematuna is not uncommoD and suppression or retention of 
urine occasionally occurs Severe uterine haemorrhages ma> develop sod in pregnant 
women abortion always occurs which is usu tly fatal to both mother and child 

Digestive System.— The mucous membranes of the mouth and th oat are more or 
less hyperaemic and occasional haemonbapc patches are present The tonsils may be 
swollen and hyperaemic and m instances m which mfection has occurred through the 
mucous membrsne of the mouth or throat a bubo may form in the tonsil and oedema 
of the glottis may occur Intheseinstances aswellasiopneumoneplague thesputum 
contains the plague bacillus Apart from the haemorrhages which may occur m the 
mucous membrane of the stomach or intestine the other lesions of the alimentary tract 
a e not of speci I clinical significance Vomit g preceded by n uses is a common 
early symptom of plague sometiiaes the vomiting persists and then the vomitus is 
likely to contain blood Constipation 1 usual in plague but diarrh ea sometimes 
occurs and in some cases the stools are dysenteric in character and contain much 
blood During the epidemic of primary pneumonic plague in Manchuria several 
cases of primary intestmal plague were reported id which bloody diarrhoea appeared 
to be the most promineat symptom However none of these cases was Stud ed at 
necropsy and it appe s that no definite evidence of the otaiurrence of primary mtestin I 
infection during the epidemic was p oduced In the fe 1 st nces m wh ch plague 
b cilU were reported m the faeces infection bad evidently occurred secondarily from 
the blood Albrecht and Ghon in the report of the Austrian Commi s on have men 
tioned the only suggestive case of pnra ry mt t n I pi gue occurring during a bubo c 
epidemic of plague and even in tbi case the e idence of such mfection is not con 
elusive However it seems established that ptimary uit stin 1 plague has b rn pro 
duced m rats by feeding large quantities f 1 ulent plague bacJli In many mstances 
dun g the Manchurian epidemic the patients with pneumomc plague must have 
swallov ed enormous numbers of pi gueb cill inthesakva nd sputum. Nevertheless 
in none of the necropsies performed dunng the epidemic were evidences of pnmary 
intestinal mfection present nor was senons involvement of the mtestine encountered 
This f ct certa nly speaks strongly against the exutence of pnmary intestmal plague 
n man and would seem to show that even if the intestines are sometimes secondarily 
nvolved this condition in human beings must be very rare It has not been possible 
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and even scarlet fever More rarely buboes form Jn the epjtrochlear ttjwa or poplitti! 
space tbe mammary gland testicle or ta isolated glands in other parts of the body 

Generally the plague bpboat the onsttu bard to the toceband very painful Oftci 
at the time of onset of the bubo pam in it is tbe symptom of aU others of the da«i« 
roost complained of In rare instances bonever the pain may not be marked Isu 
ally if the bubo is in the groin the pain is sufficient so that the patient lies in bed with 
the thigh fleeed and the leg drawn up to tebeve any pressure on the inflamed jlaais 
while if the bubo is in the atilbry region the affected atm « held away from the side 
The bubo may terminate hy resolutioii suppuration or induration 

If the bubo suppurates the gland becomes at first more swobenand iheoietlyinj 
skin gradually rnore inflamed and tense danng the first week Later the gland bepni 
to soften and necrosis then occurs more quickly Frequently the whole center of the 
gland breaks do'an into an abscess cavity and perforation then occurs revealing a tsvvly 
nitb dark scarlet or briEht red walls Later tbe walls become reddish yellow inippesf 
ance and emit whitish yellow pus On nucroscopical eranunation of tbe pus nornisl 
and degenerating plague bacilh ate found and many polymorphonuclear leucccyMi 
and degenerating endothelial cells The bacilli ate often Ken engulfed w phigocyuc 
cells in the later stages the buboes oflea become secondarily infected «ith other 
microorganisms particularly the pus cocci Rarely the bubo does net perforate for 
seieral weeks &meti.me& its suppuration » accompanied by much sloughing of fhe 
skia in the vicinity when fairly large ulcers result nith indurated infiltrated atrpas 
In some lostancM the lesions may heal in from a week to ten days but with larger 
buboes sometimes complete cicatnzatioa does cot occur for a month or two la nau}' 
other cases the bubo terminates by resolution The fendemesj and pensbadubr 
infiltration then gradually deereaK the overlying and adjacent skin becomes wfttt 
and the glands may ecentuiHy return almost to their normal size with but moderate 
induration about tbem In other instances an enlarged cicatncia) node resiauis it tbe 
site of the bubo 

Cellulo Cutaneous Plague —The occurrence of petechise and of larger ecehyoo^i 
iR the skin have already been referred to Pbgue carbuncles have also been Kported 
They occur most commonly on the buttocks or back sometimes on the flsnks or 
abdomen the shouldera or posterior surface of the legs and arms They geBersuy 
make their appearance in the later stages of the disease and usually originate about 
ecchymotic patches Subsequently a vesicle is formed which soon ruptures and reveals 
a well circumscribed patch which may measure i centimeter or more in diamettf 
The base of the lesion la usually moist and either brownish red or bluish in color while 
the margins are indurated and infiltrated The necrosis in sorne msunces becomes 
deeper and large indolent ulcers ate formed Fig lyo Sometimes there is coniiderahlt 
oedema about the ulcers and plague bacilli may be found in the oedematoas fluid whicb 
exudes However in indolent ulcers degenerating plague bacilli and pus cocci are 
often found and not mfrequenCly other bacilli In a small proportion of bul»n>c 
plague cases what probably constitutes tbe primary lesion may be observed This 
consists usually of a small vesicie or papule which may become pustular and whicb a 
situated on the skin draaned by the inflamed lymphatics in the region of the bubo Ij 
perhaps sometimes indicates the onpnal pout of the ufected flea bite Jticcoscopics 
examusation of the contents of these lesions frequently shows large numbers of plague 
bacilli 

Respiratory System — In severe cases of bubotitc plague oppressvon of the these w 
often complained of As the diseaK progresses the breathing becomes labored soo 
the respirations increase in frequency sometiines numbering from 30 to 60 per mmu e 
Cough IS frequently present The sputum may be vrscjd at first but often becomes 
pumleot and sometimes blood stained Auscultatioii and percussion frequently revet 
signs of congestionandoedemaatUiebasesofthelungs Bronchitis is also not uncom 
TOOfi Pneumonia occurs in plague first as pnmary plague pneumonia in which t 
alveoliandsputumcontamplaguebacilbiiieaormousDumbers This form has alrei x 
been thoroughly discussed elsewhere in this article Secondary bronchial pneumowa 
also due to the plague bacillus may mult meustatically and embob and abscesses msy 
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also very suggestive of typical plague infection The reddened and 
congested eyes and the injection of the con]uncti\ae together with the 
flushed bloated and anxious countenance is also often striking When 
these s> mptoms are taken into consideration with the hurried respirations 
restlessness and other rapidly developing cerebral symptoms the disease 
IS usually readily recognizable However in mild cases of plague prac 
tically none of these symptoms may be accentuated or even present 
The bubo which is the most charactensuc symptom of bubonic plague 
usually appears within 24 hours €»f the onset but it may not be detectable 
until the third fourth or even the fifth day of the disease In some 
cases moreover distinct buboes are not found butswollen tenderglands 
are present When the other symptoms suggest plague a careful search 
for these inflamed glands should be made particularly in the inguinal 
axillary or cervical regions Sometimes a careful examination of the 
abdomen with deep palpation will reveal a swollen lymphatic m the iliac 
or lumbar region 

However mild or moderately severe cases of bubontc plague with 
adenitis may be confused sometimes with climatic bubo venereal bubo 
febrile adeiutis filarial infection or certain other diseases Since the 
bacteriological examination is a simple procedure and gives reliable 
information the final diagnosis should always depend upon it and in 
bubonic plague the bacillus should be sought for in the bubo or swollen 
lymphatics and m the blood 

In primarv stpttcaemic plague there may be no clinical signs from which 
a diagnosis can be made though the fever in connection with the pro 
found disturbances of the circulatory and nervous systems which result 
from profound toxaemia may suggest the diagnosis However the bac 
tenological diagnosis made from the study of the blood is essential in such 
cases 

In primary pntumomc plague the diagnosis is usuaUy clear from the 
bacteriological examination of the sputum in which the bacillus is found 
m enormous numbers and often in almost pure culture 

\ n e m temperature and an increased pulse r te are usually the earl est symptoms 
obser able but before the sputum appears the diagnosis may be doubtful An exami 
nation of th blood either m cr scop caDy o by culture may reveal the d agnosis 
since du mg the great Manchunan epidemic alt thecasesbecamesepticaeroic The blood 
sho Id al»a>s be e am ned early by cultural methods as m the primary septicaemic 
cases m\ol ement of the lungs may not occu The bactenolog cal diagnosis is the 
only ce tain one for e eluding pnenmoDK infecbon due to microorganisms other than 
B ciU ! pe I but from th gener 1 CO d t on of the pat ent m connect n with the 
absence of marked physical signs in the lungs the diagnosis of pneumonic plague 
infect on is often p tic lirlv s ggesled Lalial herpes has not been observe! m 
p mary pneumonic plague The present of nume ouscoa se ppi g or sibilant bron 
chial r4les fn Che lungs is an argument against pneumoni plague infection The 
sputum in pneumomc pi g e s not pamlent as it frequently is in cat rrhaj bro ciutis 
or m bronchial pn umonia and it is not so tenacious and has not the rusty appearance 
of the sputum so often seen m croupous pneumonia The cough is usu Uy not so 
painful as in croupous pneumo The durat on of the d se 13 us ally less than tno 

da>s though m ny cases dontU logerthqsitcn hours after the onset of symp 
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to isolate the plague bacillus from the faeces in cases of bubomc plague probably somt 
times largely on account of its association with so many other microorganisms though it 
seems very probable that in those cases in which the plague bacillus is present in the 
blood during life and extensive intestinal haemorrhage has occurred that it may be 
present in the bloody evacuations also 

Nervous System — Pathological anatomical conditions m the nervous 
system are unusual Meningitis occurs only occasionallj as does haemor 
rhage of any degree m the brain substance A few punctate haemorrhages 
may be more commonly observed at autopsy in the memnges meseu 
cephalon and medulla oblongata The nervous symptoms, which are 
often marked are largely dependent upon the toxaemia and congestion 
and hence are functional 

Particularly striking among these at the onset of the attack are the great depression 
anxiety and distress depicted by the countenance the severe headache stammenng 
hesitating speech and restlessness In native patients who frequently come to the 
hospital for treatment the gait is often staggenng due to lack of mental concentration 
and giddiness There is no paralysis of the limbs but the voluntary muscles ire 
evidently not completely under the control of the individual Usually as the diseise 
progresses the toxaemia aQects the intellect to an even more marked degree and mental 
dullness drowsiness confusion of ideas and delirium either acute or of alow oiutteneg 
type are common symptoms Some paUents however remain in a semicomstose 
condition from which they may be easily aroused and will answer questions slowly 

with difficulty Others however he in a state of stupor from which it is impossible W 

arouse them Rarely there may be complete aphasia Delirium when it occurs ni»y 
be either noisy or acute but the acute forma are more frequent Sometimes it u nee 
essary to put the patient under restraint m bed to keep him from escaping or injuring 
himself In the later stages of the disease tremors twitchings and spasms psr 
ticularly of the muscles of the face neck and extremities with sometimesstrongercon 
vulsive seisures are occasionally observed In other instances the toxaemia manuests 
Itself in the production of an apathetic condition tbe patient lying in a state of 
with the mouth partially opened and the eyes either wide open or partially 
glass like and with a vacant expression Usually during the height of the disease the 
patients are unable to sleep except for short penods In rare instances a state o 
dementia aphasia or even ataxia may remain for a temporary period during con 
valescence but usually the nervous disturbances disappear rapidly during convalescence 

Diagnosis 

Clinical Diagnosis — The early diagnosis of plague is obviously of 
very great importance not only on account of the serious nature of the 
presence of the disease in a household or community, but also wit 
reference to the serum treatment for on account of the special an i 
infectious nature of plague immune serum this serum is only effective m 
bubonic plague when given m the early stages of the attack 

The occurrence of high fever of sudden onset with adenitis and pros 
tration, and other evidences of marked toxaerma and affection of t e 
nerv ous s> stem is v ery suggestive of plague Perhaps in no other msease 
does the heart weakness manifest itself so early and severely as it does in 
virulent plague infection and the very rapid feeble pulse may be 
e\ en from the beginmng of the attack The severe and early affection 
of the nervous system as exndenced by the headache halting speec ^ 
mental confusion dizziness staggenng gait and great prostration i 
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In tbiity-one cases of bubonic plague which lesolted fatally and were studied in 
Manila by Calvert bacilli were found in theUood 14 hours before death m 100 per cent 
48 hours before deathiE 48 39 percent 72 hours before death in 25 8 per cent g6 hours 
before death m 9 68 120 hours before death in 3 22 per cent The organisms were very 
scanty m the longer per ods before death 

Microscopical exammalioas of the hardened stained preparation (as above descnbed) 
of the blood may also be made Some of the preparations should also be made by 
placing th ck drops of blood upon the slide and after drymg they may be washed in 
distilled water to free the preparation from faaemoglobm before staining In primary 
pneumonic and other forms of severe septicaemic pla ue the bacillus may sometimes be 
detected in this manner since the baciUi are sometimes as numerous m the blood as 
they are in anth in animals Nevertheless in the very early stages of pneumon c 
plague as m bubonic plague cultures from the bbod are frequently negative In 
pneumonic plague the organism may generally be cultivated from the blood from 
twenty four to forty-eight hours before death and practically always from the blood a 
few hours before death 

In a small percentage of bubonic plaeUe cases a f ary vesicle of infect on may be 
found on the sbn After careful atenbzation of the surface of such a lesion some of the 
fluid should be withdrawn n a sterile syringe and cultures and inoculations of guinea 
p gs a d microscop cal preparatioos m the manner described above should be made 
from the fluid These ve icle often conta n plague bacilli in Urge numbers If 
attempts are made to obta n the plague bacillus by culture from the unoe it should 
be bo ne in mind th t the plague baallus develops very Uowly in cultures made from 
the unne and that such cultures frequently result negatively 

The Sfulum—la pneumon c pi gue the sputum should be examined both micro 
tcopic lly a d eultur lly for the plague bacillus and plate cultures should also always 
be prepared from the sputum Although usually in pneumonio plague the sputum 
cent 1 s enormous numbers of plague b ciUi somet oes ui bubonic pi gue compheated 
with secondary pi gue pneumonia there may be very few or no plague b ciUi present 
In such instances m which the organism cannot be found microscopically howe cr it 
may be detected by eultur o an mal inoculat on lathe sputum the plague bacillus 
may be mistaken sometimes for Dtplatatetu pneumoniae Bipolar stai in^ organisms 
other than the plague bacillus have b« n eomei mes found in the sputum INhile in 
the microseop cal c atmn t on of the sputum Cram $ stain u of valuable aid in rriving 
at a d gnosis oevertheUss Gram negati c bncilh have been occasionally found in the 
sputum which proved 1 ter not to be pbgue bacilh Usually however f the sputum 
IS blood stained from the microscopical eiamination with the a d of Gram s stain 
there is no difficulty man mg at a di gnos s since the plague organ siia is generally 
present in such large numbers In the later stages of pneumo c plague involution 
forms are f eque tly f u d in great abu d nec m the putum In d ubtful cases the 
sputum may be inoculated mto guinea pigs by the c taneous method as described 
bel w This IS practically an of 11 ble method of detection of their presence Finally 
for diagnosis of a fatal case of pneumomc plague where an autopsy la not permitted 
lungpuncturewithasyruig will so lly furnish material with whichadeSnite diagnosis 
can be made Bacillus peslis bein), present m enormous numbers in the m croscop cat 
prepar tions made with the a p r 1 d mate lal 

Notwithstanding some earlier published statements to the contrary the bacillus of 
pr mary pn umonic plague has been shown to be morphologically culturally and by 
animal i oculationa ads rum tests identcal with the most virulent strains isolated 
from bubonic pi guecascs Only with reference to vinil nee then may there sometimes 
bevanation Durmgepidem csof bubon cpiague strains of different virulence may be 
encDUTiteied Thus the 0 ganiatns 1 olated from cases of pestis minor are usually of 
ower irutence S nee infection of man in bubon c plague is acquired through rats 
and as different ats of different suscept bil ty may harbor strains of plague bacilli at 
times of more or less virulence soob lonsly these strains isolated from different human 
cases of plague will vary in virulence In primary pneumonic plague however infec 
t n be ng transm tted directly from man to man and the lung constitut og a very 
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toms Cases sometimes survive for three and more rarely for four days but not ev« 
one week 

Bactenological Diagnosis — Baalliis peslts occurs in the invaded lym 
phatic glands, the blood and the sputum Its presence in the urme is 
too inconstant to render the bacteriological examination of the none of 
any great value in diagnosis 

Buboes — For obtaining matenal for bacteriological examination from 
the inflamed Ij mphatic glands or bttbo a ten cubic centimeter syringe with 
an eighteen gauge needle is advisable as considerable suction is desirable 
in order to aspirate successfully sufficient fluid from the gland 

After the syringe needle his been sterilised preferably by dry heat the skin over the 
gland IS cleansed with soap and water and alcohol and then pamted with tincture of 
lodin After the lodm has dried the gland is held with the left hand and the needle 
attached to the syringe inserted well into the substance of the gland and moved up and 
down a few times in the gland substance while aspiration Is being performed After 
aspiration the skin about the point of puncture should be disinfected preferably with 
bichlond solution i looo or absolute alcohol At least several drops of Suid nay be 
obtained from aspiration of the gland in this way The fluid in the syringe should then 
be ejected into a small atenle test tube if the bactenological diagnosis is to be con 
ducted at once a drop of the aspirated fluid u then well smeared with the bactenological 
platinum loop over the surface of an agar slant culture and the needle then passed 
(without re inoculation) over the surface successively of a second third fourth sad 
^th agar slant culture On the surface of the media of some of these tubes i olsted 
colonies of tie plague bacillus will developwithm twenty four lofoity eight hours wbea 
this organism is present A second and third drop of the fluid from the bubo should 
then be spread with the platinum loop on each of two microscopic shdes the prepare 
tion being tubbed with the loop until thoroughly dry After these preparations have 
been hardened either in Che flame or preferably by placing a few drops of absolute metbyl 
alcohol upon tbem for one or two minutes one of the shdes should be stained with 
Loefflet a methylene blue or with Ciemsa s stain and the other by Cram s stain it® 
the remaining fluid which was aspirated from the gland a guinea pig should be moculated 
as described below 

In all these procedures it should be kept m mind that one is working with highly 
infectious material and every precaution must be taken not to infect ones self or others 
or any objects about The fluid ftom the syringe must be etpelled cautiously I'St 
some of the plague bacilli be vaporized into the surrounding atmosphere since if these 
organisms were inspired pneumonic plague would almost certainly result 

Blood — For the bactenological examinatioii of the blood in plague a ten cubic 
centimeter syringe stenlized in dry beat may be advantageously employed Altera 
thorough cleansing of the skin of the arm at the bend of the elbow with soap and water 
and alcohol and by painting with tincture of lodirt the needle should be thrust into one 
of the veins in this locality and from five to ten cubic centimeters of the blood wit 
drawn A bandage placed around the upper portion of the arm before the 
js made will aid in distending the vein From one to two cubic centimeters of tn 
blood may be injected directly into melted agar tubes which are then poured on 
Petri dishes or from five to ten drops placed on agar slant cultures Five cubi 
centimeters of the blood may also be inoculated directly into a one hundred cu i 
centimeter flask of bouillon (or a smaller amount m a tube of this media) from wmc 
other agar plates or slant cultures maybe made later on arrival at the laboratory wbe 
a guinea pig may be also inoculated subcutaneously with from one to two cubic 
meters of the blood If the blood has to be earned for some distance from the P®‘‘* 
to the laboratory then it is preferable to place m the syringe before aspirating 
blood to prevent its clotting one or two cubic centimeters of a five per cent citra e 
soda solution which has been carefully stenlued 
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pe Jiiis permanently in theroughpliAseandthatitpossesses ID smo ths malic antigen 
However thi idea would appear lo requ re further confirmation 

There are also difficulties in the preparabou of a satisfactory plague immune 
agglutinating serum Such a serum may only be obtained after many repe ted inocii 
lations of an animal and during the per od of it immunization it frequently dies from 
tojaemii Many of thev lague imnmoe serums that are employed for t eatment possess 
practically no agglutinating power against the plague bacillus Hence if one employs 
this test clinically all thes points must be borne in nrnid m performin» the agglutination 
test and a large number of control tubes should always be made some prepared with 
normal serum as well as others prepared with the plagtie immune serum In perform 
tog the test fot the diagnos s of the organism a serum agglut natmg in dilutions of at 
least I 1000 is recommended Only anorgam m very cl sely related to the plague 
bacillus such as the PasUureUa pseudotuberculous bacillus will ag lutinate with a 
s tisfactory plague immune ag Intinatmg serum 
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KauSmann (1931) h s obtained evidence that Pa f u Ua fseudolub real s has 
m re complex antigenic structure than Pa I peslu Pseudo! ber ulasts possesses 3 
antigens ( ) a flagella ant gen (z) a smooth socnatK ant gen of which there are at Ic st 
five types {3) a rough somatic antigen which 1 We the flagella a tg n is common to all 
strains The rough somatic antigen is apparently ident cil with the somatic antigen 
of the plague b ciUus and it is to this ant geu that the two organisms oi e their affinity 
bile the smooth somatic antigen of Past fsead I be ulests is related to the O antigen 
present in related 0 gar sms of the 5 f 0 ttUa group Si ce P sleurclla peslis is non 
motile It d es not exhibit the flo cular type of agglutination ch ractensties of the 
flagellated pecies and agglutinates rather in the form of very small clumps Isever 
theless the different at on of Pa I pest s and Past psettdot 6 tests may be very 
d ffc It Past p d I bercatosis is often motile 10 broth culture incub ted f t 
8 hours at SO-J2 C whereasi’al ^ribs is uniformly non motile The production of 
Ihali in litmus milk by f a / p e dot b c la ts and usually the p oduction of cid in 
this medium by Bacill s p st 1 maybe noted The growth of Past pit tdol berc los s 
IS usually much more r pid and bxunant I st pse d I berculosis is also compara 
ti ely harmless for white rats in which aninuls Bac II s p Is causes fatal infect on 
The igglutm tion test for diffe ent ton is decidedly less satisfactory 

Bessonova and h s associat s (1937) have reported that out of 114 strains of the 
plague 0 gan sm five underwe t spontaneonstransmutat on toPu I pseudol bercules s 
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favorable culture medium for the development of the organism the plague bacillus 
isolated from these cases is of maximum virulence 

The bacteriological diagnosis of the plague bacillus is based upon the 
morphological and staining properties of the organism its cultural char 
actenstics, and the result of animal inoculation The agglutination and 
other serum tests are not of such assistance in identifying the plague 
baallus as they are with a number of other microorganisms 


Morphology — In the hardened preparation the noteworthy characteristics of the 
plague organism are the bipolar stamuig the decolorization by Grams stain and 
polymorphism (coccoid bacillary and involution forms) In the stained microscopic 
preparations made from the buboes and organs of plague cases the most characteristic 
form is a short bacillus more or less ovoid swollen in the center and rounded at the 
ends and usually exhibiting marked bipolar stammg the central portion either remain 
mg uncolored or staimng lightly No flagella are visible and there is no motility 
In cultures the formation of involution forms upon 3 per cent salt agar is noteworthy 
However the diagnosis cannot he made from the examination of the microscopical 
preparations alone since morphologically it may be confused with the different organ 
isms of the haemorrhagic sepficaerou group or of the Glertner paratyphus group or 
sometimes with BiciUus mueoms tap$ulalus Culturally the most cbarseterutio fo^ 
lure of the plague organism is the appearance of the delicate transparent and dewdrep- 
like colonies which appear on agar after 4 to 48 hours 

Ammol tnoculation is important for the diagnosis and the guinea pig is by far the 
most satisfactory animal since a single virulent plague bacillus may cause fatal infection 
in this animal The inoculation of the guinea pig should generally be made with the 
suspected material by the cutaneous method and this is a necessity if the material is 
badly contaminated wuh other microorganisms However m tbe case of moeulatiog 
blood tbe subcutaneous method should be employed In performing tbe cutaneous 
inoculation the skin of the lower abdomen over a small area should be shaved and 
then with a scalpel the suspected material should be lightly tubbed m and the sxio 
lightly scarified with the point of tbe knife If tbe virulent plague bacillus is 
in th suspected material the animal will die usually withm 3 to 5 days with the 


characteristic lesions described on p 66$ 

Tbe atglulinalion Ust is not of great cluneal importance in the diagnosi of plague 
Owing to the fact that the plague organism forms on agar a mucus like substance it u 
very difficult to obtain satisfactory suspensions of it in normal saline solution as m 
spite of all care in making such suspensions one frequently finds that the larger par 
tides of bacteria have settled to the bottom of the tube and form a precipitate so that 
when the reaction is employed with a plague immune serum pseudoagglutinatioB 
reactions may be obtained in this manner Numerous studies have been made for 
the purpose of obtaining more satisfactory suspensions of the plague bacillus for agglut' 
nation tests in which the organisms would not undergo spontaneous sedimentation 
It has been shown that the plague bacillus forms more mucus and envelope antigen woeo 
cultivated at 37 C than when grown at 32 C hence it is sometimes of advantage 0 
employ cultures for this test which have been grown at the lower temperatures Id 
employment of o $ per cent sodium cblonde solution is also recommended m plac* ° 
o 85 per cent for mating the suspensions of the plague organism Finally since spon 
taneous flocculatnn is not as likely to occur in freshly isolated strams of the plagu* 
bacillus as in those which have bw preserved for long ptnods of tune on agar 1 
agglutination tests are to be made with a culture of th plague organism it is recow 
mended that it first be passed through an animal unless it has been very recea y 

isolated from a case of plague , 

The occurrence of smooth and rough colo n ies has already been discussed ” 
inz to Sebutze there are two antigens in the plague bacillus one corresponding to 
envelope and the other to the s matic substance Schutze bel eves that Pasifu" 
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In dengue jutr while there is a sudtJen onset with high fever and headache and there 
Diay be occasional glandular enlargements the pain about the joints and muscular 
insertions the erythematou rash leukopenia and reduction of the polymorphonuclear 
leucocytes should give a very early diagnosis 

Inplague even after the bubo hasappeared difiicultymayarise in diagnosis between 
cUmal 5 and lenere I bubert or buboes econdaiy to other infections and m cases with 
lu g symptoms between pneumonic plague and pneumon a of other origin Climal c 
bubo (Lymphogranuloma inguinale) may particularly be confused with mild cases of 
bubonic plague It occurs part cularly in sailors The inguinal glands are usually 
aSected The mcubation period is usually long and the onset gradual The s voUen 
glands are generally only slightly tender Tever is usually not high and the gland 
rarely suppurates or does so only alter a long period Gland puncture reveal no 
microorganisms either on microscop cal evanunation or on culture the di ease being 
caused by a SlterabU vitus The irev Hoffman latradecmal reaction may be obta ned 
in cl rnatic bubo 

In venereal bulo either there wiU be ulcerations on the genit 1 o gins or a former 
history oi such In a certain pe centage of these cases a pure culture of the baciUua ol 
Duerey may he found in material oblamed from the bubo by puncture However 
sometimes other bacteria or pus cocci ate also pre ent The bacillus of Duerey sta ns 
fairly well with anilin dyes but loses color rapidly when a decolonz ng agent like 
alcohol apphed Cultures of this organuo may be freqiently obtained upon blood 
agar but not on ordinary media and uioculat on of gu nta pigs with it gives negsti e 
results In buboe resulting as secondary ofection from ulcerations or wound of the 
skin there IS more or less lymphangitis which is rate in plague andth infecting organ 
isjis Will be found in the gland by mKtost.op>cal cTamini uon or m culture ot the 
cultures from the glands will be stenie 

In all doubtful cases the b ctetiologieal nelhods already desenbed in c nnection 
with the buboes sh uld be employed and special m croscopical examinations of the 
blood and in eases with luug symptoms of the sputum should be made for animal 
parasites or bacteria m order to exclude other infectious dieases 

It la also important that an autop y should be performed for diagnostic purposes 
on all fatal eases that have been in a y way suspicious of plague The general venoua 
engorgement haemot hages in the difi rent otgans cWudy c fatty hvti enlatged ha d 
spleen swollen lymphatic glands and the presence ot a b polar at mmg bacillus m the 
heart s blood and organs which upon isolation by culture and inoculation into guinea 
p gs causes the typical lesions of ^ague will certainly reveal the correct d agn s s 
Dur ng the last g eat epidemic of tnfiuen u several writers who were evidently not 
familiar with the clinical featur s and p ibology of pnmary pneumonic plague 01 the 
literature upon this subject reported that there was some confusion in the differentia 
tion of mSuenza and primary pi gue pneumonia While patients with severe influenza 
may show gte t prostrat on and cardiac weakness such as is observed m plague the 
onset of influenzal pneumon a and the clmical course of the d sease are quite dillerent 
from primary pneumonic plague Id inOuenzal pneumonia the onset of the disease 
occurs with symptoms of no dinary influenza and the pneumon a is a sec ndaryc m 
pi cat on superimposed on the pnoiary dis ase In pnmary plague pneumonia the 
pneumonia occurs at the onset as a pnmary infectwD and the course is much mo e 
acute M reover the bacteriology of the two diseases 1 entirely d stincl and by the 
bact nological etatninilion these two infections can be certainly ditlerentiated As a 
matter of fact neith r m the Umted States not to Europe did the recent p Oem c of 
1 fluenzi sufTciently resemble primary pneantonic pla^e as to cause confusion of 
diagnos s between the two to those familiar with both diseases 

P&OOSOSIS 

Plague IS the most fatal of all epidemic diseases In pnmary pneu 
monic and septicaemic plague the prognosis is absolutely unfavorable 
many statmg that every such case dies As regards bubonic plague the 
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and came to differ entirely front S and R variants of Past pesits The traDsmitted 
strains have remained stable for as long as 7 years 

The other haemorrhagic septicaemia baallt can often be differentiated from Pail 
pestts by their fermentation of sucrose their production of indole and their negitise 
methyl red reaction However sucrose is fermented by certain strains of Pari fseuda- 
luberculosts Toplej and \\ilson (1936) give the foregoing table of differentiation 

They suggest that the different strains of the organisms of the haemorrhagic septi 
caemia group might be included under the specific name of Pasleurella siptica 

Agglutinins in the Patient’s Senim — ^The agglutination test has obvi 
ously from a theoretical standpoint, not only the advantage of identifica 
tion of the organism cultivated from a suspected case but also that of 
the diagnosis of the disease by the demonstration of antibodies in the 
patient s serum While this reaction may occasionally be important in 
plague for the diagnosis of the organism the reaction is of very little 
value for the diagnosis of the disease It is true that agglutinins for 
the plague bacillus may develop in the blood serum of patients recovenng 
from plague and sometimes they are present even in the late stages of 
the disease but their amount is always small The reaction rarely 
occurs in dilutions of the serum higher than i 5 or i 10 and in many 
undoubted cases of plague no reaction is m fact obtained 

In pneumonic plague, the agglutination test has no clinical value 
whatever for the patients succumb to the disease before antibodies are 
produced in quantities that are capable of detection For the same 
reasons the other serum reactions such as complement deflection test 
and the bacteriolytic reaction of the serum have also practically no 
clinical value in the diagnosis of plague 


DirrERENTiAL Diagnosis 

In the early stages of the disease plague must be differentiated from certain other 
fevers which may occur in the tropics such as typhus relapsing fever malaria 
fever and eyen typhoid If there is do suspicion of plague and no bacteriologies 
ecamination tnade the clinical features and occasionally even the postmortem appear 
ances may be attributed to some other disease , 

Shyest typhus jejir to the uninitiated sometimes resemble plague 
of typhus which is frequently with fever headache chill pam la the back and lim 
injected conjunctivae mental disturbances rapidpulse andprostrition maysometim 
cause confusion However the eruption in typhus which appears by the fourth 
different from the petechial and other haemorrhagic lesions of the slim observe ^ 
plague and it is much more extensive and pronounced than is seen generally m a m 
of plague In typhus fever the eruption at first usually consists of discrete ^ 

defined pmk macules from about a to 5 mm m diameter with round or 
margins which disappear on pressure It is general m character 
Although in the later stages the rash frequently becomes red and even purpfisn re 
then may not disappear on pressure it does not assume as marked a haemonhagic 
acier as occurs in plague Also the leucocyte count in typhus is more comm 3 
below 18000 The agglutination test performed with Bacillus proteus x ", 
positive in typhus in approximately 95 per cent of the cases may often assist infur 
differentiatmg typhus from plague .. a iht blood 

ifalana and relapsing fever can of course be at once differentiated by tfie 
exarmnation and by finding the qreofic protozoan parasites for these diseases as 
as by tbeir subsequent clinical course 
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In dfniut Jcetr irtule there is a sudden onset with high {ever and headache and there 
may be occasional glandular enlargements the paw about the joints and muscular 
i sertions the erythematous rash leukopenia and reduction of the polymorphonuclear 
leucocytes should give a very early diagoosi 

In plague evenafter the bubo has appeared difficulty may arise m diagnosis between 
cfimat c and lenffcof t hats or buboes secondary to ot^r infections and in cases tilth 
lung symptoms between pneumon c plague and pneumon a of other origin C2i u/ c 
bttha (Lymphogranuloma inguinale} may paibcalatly be confused with mild cases of 
bubomc plague It occurs particularly in sailors. The inguinal glands are usually 
affected The incub lion period 1 usually long and the on et gradual The swollen 
glands are generally only slightly te der Fever is usually not high and the gland 
rarely suppurates or dots so only after a Ion<' period Gland puncture reveal no 
microorganisms either on microscopical etannnation or on culture the disease be ng 
caused by a filterable virus Tbe hrti Hoffman intradermal reaction may be obtained 
m climatic bubo 

In neteal bubo either the e will be ulcciatio s on the genital organs or a former 
history of such In a certain percentage of these c ses a pure culture of the bacillus of 
Duciey may be found in material obt ined from the bubo by puncture However 
s metimes other bacteria or pus coca are also present The bacillus of Ducrey stains 
fairly well with anihn dyes but loses color tapdl) when a decoloriung agent hke 
alcohol IS appl ed Cultures of this organism may be frequently obtai ed upon blood 
agar but cot on ordinary media and inoculation of gui ea p gs with it gives negative 
results In buboes esulting as secondary infect on f om ulcerations or wound of tbe 
ski there IS more or less lympha gits which is rare in plague andthi infecting organ 
isju will be found in the gl nd by microscopical examim t on or m euicuie or the 
cultures tiom the glands will be sterile 

In all doubtful cases th bactei ological meibol already descr bed in connection 
with the buboes should be employed and special microscopical evaminatiocs of tbe 
blood and in eases with lun, symptoms of (be sputum should be made for animal 
par sites or bacteria m order co exclude other infectious d eas s 

It IS also important that an autopsy should be pe formed for diagnostic purposes 
on all f tal cases that have been in any way su picsous of plague The general enous 
e gotgement haemortbagesin thedifierentorgans cloudyc fatlyl e enlatgedhard 
spleen enoUeo lymphat e gl nd and tbe presence of a bipolar stainin* bacillus in the 
heart s blood and organs which upon isolation by culture and inoculation into guine 
pigs causes the typ cal les ons of plague will certainly reveal the correct diagnosis 
Du ing tbe last great epidemic of •aSuen acvenl writers who were evidently n t 
f mihar with the clin cal features and pathology of primary pne mon c plague or the 
bteiatu e up n this subject reported that there was some confusion m tbe differentia 
tionof influenza and primary plague pneamonia Uhile pat eats with seve e 1 Quenza 
may show great piostrat on and ca due w akness such as 1 observed in plague the 
onset of nflucDzsl pneumonia and the clinical course of the disease are qu te different 
from pnmary pneumonic pla'Uie Id influenzal pneumon the Ons t of the disc se 
occurs with sympt ms of an ordinary influenza and the pneumonia is a secondary com 
pUcation superimposed on the primary d sease In pc mary plague p um n the 
pneumon a occurs at the onset as a p m ty infection and the course 1 much more 
acute Moteov the b cterwlogy of tbe two di eases is entirely distinct and by the 
b ctenological e amination these two infections can be certainly differ ti ted A a 
matter of f ct neither m th U ted St t s n r in Eut pe d d the recent pandemic of 
influen a suffciently res mble pnmary pneumonic plague as to cause confusion of 
diagnos s between th two to those familiar with both d seases 

Prognosis 

Plague is the most fatal of all epidemic diseases In primary pneu 
monic and septicaemic plague the prognosis is absolutely unfavorable 
many statmg that every such case dies As regards bubomc plague the 
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and came to differ entirely from S and R vanants of Past ptstit The transmitted 
strains have remained stable for as long as 7 years 

The other haemorrhagic septicaemia baaili can often be differentiated from Put 
pestis by their fermentation of sucrose their production of indole and their cegatiie 
methyl red reaction However sucrose is fermented by certain strains of Turf psni^ 
tuberculosis Topley and W ilson (1936) give the foregoing table of differentiatioD 

They suggest that the different strains of the organisms of the haemorrhagic septi 
caemu group might be included under the specific name of Pasleurellt sepiico 

Agglutininsm the Patient’s Serum — ^The agglufmafion tesCiias cbu 
ousljr from a theoretical standpoint not onl> the advantage of identifies 
tion of the organism cultivated from a suspected case but also that of 
the diagnosis of the disease by the demonstration of antibodies in the 
patient s serum W'hile this reaction ma> occasionally be important in 
plague for the diagnosis of the organism, the reaction is of very little 
value for the diagnosis of the disease It is true that agglutinins for 
the plague bacillus may develop in the blood serum of patients recovering 
from plague and sometimes they arc present even jn the late stages of 
the disease but their amount is always small The reaction rarelj 
occurs m dilutions of the serum higher than r s or 1 le and in man) 
undoubted cases of plague no reaction is in fact obtained 

In pneumonic plague the agglutination test has no clinical value 
whatever for the patients succumb to the disease before antibodies are 
produced m quantities that are capable of detection For the same 
reasons, the other serum reactions such as complement deflection test 
and the bacteriolytic reaction of the serum have also practically no 
clinical value m the diagnosis of plague 


Diffeiubktul Diacnosts 

In the early stages of the disease plague must be differentiated from certain olhff 
fevers which may occur 111 the (ropics $u<&ast>pbus relapsing fever snahna dengu' 
fever and even typhoid If there is no suspicion of plague and no bactenologir* 
eramination made the clinical features and occasionally even the postmortem appear 
ances may be attributed to some other disease 

Severe lypAnr/rwr may to the uninitiated sometimes resemble plague 
of typhus which IS frequently with fever headache chill pain m the back and hmos 
ini ctedconjunctivae mental disturbances rapidpulse and prostration miysometimes 
cause confusion However the eruption in typhus which appears by the fourth oayi 
different from the petechial and other baemorriiagic lesions of the skin obsef'cn ^ 
plague and it is much more extensive and pronounced than is seen generally 
of plague In typhus fever the eruption at first usually consists of discrete sharply 
defined pink macules from about a to s mm w diameter with round or 'tregu>* 
margins which disappear on pressure It b general in character except on the 
Although in the later stages the rash frequently becomes red and even purpb b red an 

then may not disappear on pressure it does not assume as marked a haemorrhagic chi 

acter as occurs in plague Also the leucocyte count in typhus is more comfflony 
below 18000 The agglutination test performed with Boailus Proteus * ", fi,, 
positive in typhus in approximately 95 per cent of the cases may often assist m furta 
differentiating typhus from plague . v Mood 

llatorti and relapsmi fever can of course be at once differentiated by the c 

examination and by finding the specific protozoan parasites for these diseases as w 
as by their subsequent clinical course 
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infection These ctamicatMins ate sooietimes of verj great importance 
Plague tats were found in New Orleans tno jears be£ore the epidemic 
of human plague occurred Our Publse Health Service lias recommended 
the exatmnation of icpco rats per to 000 human population as aSording 
reliable evidence of plague infection among rodents of a commututj 
The early deteciustv aw 4 diagtioas o{ human cases Qf the disease are 
not only important in prevention hut also m regard to treatment AH 
deaths during an epiidetTwc no mattci from what cause must be invcsti 
gated and autopsies should be performed and bacteriological esaroina lions 
made Casts the disease should be isolated and then clothing disin 
fected of any fleas under proper precautions and the usual disinfection 
of then eawcia and surroundings etetcised The starch for patients by 
house to house inspection » a very important measure since a large 
number oi plague cases are usually concealed danng tpidcnucs b> their 
relatives and friends Ordinances should of course be passed compelling 
the repotl o! any suspected case If infected plague cases are found and 
the construction of the house permits there should be a prelimwary disin 
fection with sulphur dioxide methyl bromide or other suVstances that may 
be depended upon to kill rats and fleas and a search made in the neighbor 
hood for secordary cases both tn man and rodents Contaminated 
objects in and about houses may be disinfected w uh t 1 000 bichloride of 
mercury per cent carbolic acid 10 per cent formalin or t per cent 
solution of chiorinatcd lime In places where plague 1$ endemic orUkely 
to become epidemic there should be a specui hospital as well as a special 
diagnoat/claboratory rrovision must be made for the isolationof human 
cases upon their arrival until they have been divested of their clothing 
and disinfested of any deas AD of the clothing should be immediately 
placed in a bag and disinfected m a steam stenbzing chamber Attend 
ants oho handle patients on their arrival or their infected clothing 
should wear gloves and special uniforms dwigned to prevent the entrance 
of fleas High boots are psrucukcly desirable The hospital vtseU 
must be well screened and protected from insects and should be rat free 
Obviously particular atlentiOQ must be paid to the excliisiarv of fleas in 
countries where these insects are comiBon Fabrics aad other objects 
which become cantamiuated n\th the discharges should be tWsougWy 
disinfected b> proper methods Cremation of dead plague bodies should 
be recommetw^ PfoKctvvt vaoculation should also W advised par 
ticulariy for attendants and persons about the hospitals and for those 
who ace pectorausig 01 assisting at autopsies upon plague cases During 
bubonic plague epideniKs the (flague hospital prov'idciit isfreefrom rats 
and fleas presents no particular dangexa tot attendants 

Rat /ta sit w nai i>n is* beta one ot Vhe wnpMtaiit pitjphybcUc procedarts 
but It is often d fficuh to *«ompiuli m some fcicahties llonever mothers the hei d 
ng of nt proof areas has ^eaduany atM^ished fitgat Hence la regions where rfigue 
evist* an extensive camps gn tbovld be uadortaLcn aga nst rats and -all buildings wjuch 
ate oonslTOcied so as t permit of vbe abode of rats jbould be gtadMaUy nbuilt In the 
inftvVtd i ir clt 
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mortality averages 75 per cent m India but frequently vanes from 60 
to 90 per cent In the Egyptian epidemic of 1900 there was an average 
mortality of 50 per cent The mortality in natives is generally muci 
higher than among Europeans the latter often showing death rates 
under 25 per cent, while in the same epidemic natives may show a mortal 
ity of from 75 to 95 per cent In South America, the disease is usuall) 
milder and the mortality may be only about one third of that given m 
India and China Barreto reports a mortality in Brazil of 35-43% 1 “ 
the recent small European outbreaks the mortality has also been loiv 
Plague pneumonia however is fatal for Europeans as well as natives 

Prophylaxis 

General Prophylaxis of Bubonic Plague — In the prevention of bubonic 
plague the public health campaign must center upon the early discover) 
of ca es of the disease, their isolation from rats and fleas and the destruc 
tion of rats and fleas in infected areas Inotherwords bubomc plague is 
not usually spread by direct contact with the sick However rats and 
rat fleas may be carried from one place to another by ships railways or 
other methods of communication 

Plague being primarily an infection of rodents and transmitted com 
monly to man from such rodents by infected fleas general prophylaxis m 
bubonic plague consists primarily m the prevention of contact between 
man and such infected rodents and fleas and hence in the general destruc 
tion of rats and fleas in regions where plague eiists or u likely to exat 
Since when rats are reduced in number there 1 more likelihood that rat 
fleas will seek the body of man for food it i» well to employ w hen possible 
measures that will destrov simultaneously both rats and fleas It has 
been noted that a high death rale among rats as the result of a plague 
epizootic may act as a factor m an outbreak of human phgue The 
ehnunation of human fleas in areas where plague infection is present is 
also very important 

One preparation known as pestenne which consists of kerosiae 
o parts soft soap i part and water 5 parts (the soap being dissolve 
m the water and the oil being gradually stirred into the hot mixture) is 
often recommended as a flea insecbcide Sulphurated hydrogen i 
cent solution is also a good puhcide A 5 per cent solution of combine 
cieosol to which naphthaline has been added is likewise of value for t e 
destruction of fleas 

It must be realized that not only the infected rodent but also the human 
plague patient constitutes a focus of infection and that hence prophylactic 
measures against plague must include an early diagnosis and detection 0 
cases of human as well as of rodent plague For this purpose specia 
bacteriological laboratories which permit of thorough isolation and 
fection should be established and eqmpped with special animal cages an 
apparatus for the study and diagnosis of plague In places where plague 
IS endemic it is advisable to collect periodically and make examination 0 
rats since human plague outbreaks are frequently preceded by roden 
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each contain ng 3 grams of barium carbonate The baits should be fairly fresh as a 
stale one is very rarely eaten by a tat Red squtU is especially recommended in the 
United States Army 

1 uses have been recommended for the wholesale destruction of rodents These 
are usually either cultures of the B typU murium type or the paratyphoid B type which 
Is frequently the cau e of meat poisoning in inan oroftheB e Jen/ dw or GSrtner type 
which h s been associated with gastromtestm f disturbances The so-called Danysz 
virus usually B lyphi mu lum is pathogenic usually for rats under laboratory con 
ditions but has feeble powers of propag ling itself from rat to rat under natural con 
ditions It rapidly loses virulence when eiposed to hght and sir The use of these 
viruses is not recommended for the general destruction of rats since they have usually 
p oved to be mef&cient f r this purpose and moreover they are not absolut ly harmless 
to man and instances of sickness and death in human beings from mfection by them 
have been repo ted 

In South Africa attempts have been made to destroy gerhilles (one of the chief 
carriers of plague infection) by anotbe virus Ltslerdl menecylcsenes T1 is 0 ganism 
is very fatal to gerbiltes by ingest on but is not virulent for most other rodents The 
use of the virus has been tried over a gerb Ue infected belt of country some 20 miles 
long The disease it causes in the gerbiUe is known as the Tiger River disease and the 
prepared culture as th Tiger River virus Its actual value has not yet been 
demonstrated 

Funugktioa for Rodents and Fleas — In the case of the occurrence of 
plague on board ship or the arrival of a ship from a plague infected 
port fumigation of the ship should be practiced Grubbs also emphasizes 
the importance of the fumigation of cargo in bghters in plague infected 
ports H>droc>anic acid gas n undoubtedly the most eCinent destro>eT 
of both rats and fleas but it is very dangerous and 4 number of fatalities 
have been reported in connection with its use The gas developed from 
ounce of RCN to a space of xoo cubic feet acting for 4 hours has 
generally been regarded as efiiaent for disinfection Stitt points out 
that the great danger from the use of this gas m holds of ships is that it 
tends to collect in detached spaces or pockets and remains after ventilation 
of the hold so that persons entering such spaces suffer the poisonous effects 
of the gas While sulphur dioxide is less efficient it is on the whole 
the best suited for general use m plague fumigation Two pounds of 
roll sulphur for each 1000 cubic feet of space is regarded as sufficient 
The Clayton Gas Apparatus in which the sulphur dioxide is under pres 
sure giv es the best results in sulphur fumigation Carbon, monoxide and 
carbon dioxide and flue or funnel gases from steamers have been recom 
mended for plague prevention work but they are not so satisfactory for 
while they will kill rats the fleas are often not destrov ed and escape 
In the case of ships which have touched ports where plague is present 
precautions against the transfer of rats from ship to land or from the 
ships to lighters and the docks to ships when vessels are m port arevery 
essential There is not much danger of rats gomg aboard a ship lying 
out from the dock It is when a ship goes along side a dock that rats 
especially go aboard All boats should be kept at least 4 feet away from 
the docks and all hawsers should be provided with rat guards The rat 
guarding of ships is a matter of very considerable importance Extremely 
efficient and practical rat guards for ships lines have been made of 
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One of the important measures in rat extermination in rural distncta is the regula 
tion of the disposal of garbage It is most important that only cans with secutely 
fittmg tops be used so that rats cannot secure any food from the contents of the can 
Precautions should be taken to protect stores of grain and cereals No particle of food 
should be left accessible to the rat except baits Unless the ordinary food supply of 
the rat is denied the animal it will not eat poi&ined food or bait m traps Rats are 
not only carnivorous but will eat any kind of cereal or vegetable and m addition 
they are cannibals 

It has been demonstrated that it is better to build areas rat proof than to try to 
keep them rat free The U S Public Health Reports give full information regard 
mg rat proofing in this country The sewerage should be improved and all filth 
burned The separation of the rat from his food supply and the prevention of his 
entry into human habitation by rat proofing through the use of concrete screening 
with wire netting and by other barriers and by the use of traps and poisons are all 
important 

In rural districts in a plague outbreak especial attention should be directed to 
flooring m stables under surfaces of board walks sealed in attics of houses wharves 
and sewers here sewers have catch basins at street openings the rat has a means of 
egress from the sewer These sedimenting catch basins also serve as a breeding place 
for mosquitoes It has been estimated that a sewer rat can jump r feet but not 
3 feet lu rat proofing houses double walls should be eliminated and houses raised 
well from the ground— at least i8 inches In plugging up rat boles with cenciete 
broken glass should be added to the concrete Sheets of galvanized iron driven 
down several feet have been used as a protectingbarner around gram elevators orwsre 
houses Concrete is the most satisfactory material to use in rat proofing 

The moat satisfactory trap has proved to be a wire spring or snap trsp This type 
has been shown to be much more efficient than the wire cage trap All the rats caught 
should be sent to the bacteriological laboratory preferably in closed containers or 
canvas bags and after their fleas are killed by chliroferm they should be etanuned 
and records kept concerning the location where (be infected rats were caught 

For the detection of plague infected rats during an epidemic the plan carried out 
by Carter and subsequently by Heiser id Manila and which proved effective was as 


loiiows , 

A list of places in which the plague infected rats were found was made Escn 
was regarded as a center of infection Radiating lines usually j m number were pro 
longed from this center evenly placed like the spokes of a wheel Rats were caught 
along these lines and esarmned Plague rats were seldom found more than a re"' 
blocks away The furthermost points at which the infected rats were found were then 
connected with Imes on a map The area eoclosed by these lines was regarded as a 
section of infection The entire rat-catching force was then concentrated along the 
border of the infected section They then commenced to move toward the center 
catching the rats as they closed u Behmd them rat proofing was carried out t)ne 
section after another was treated in this way until they had all been wiped out 

Rat Poisons — In districts where rat proofing is not feasible other means such as 
trapping and poisoning and fumigation may be resorted to ^^lth reference to ra 
poisons It is important to call attention to the fact that rats will often not eat bread an 
lead frhicb kas been parbcuiarly iaodStd by bu&sa bnogf and therefore the peop e 
who handle or cut the bread or food before dipping it into the rat poison should eit e 
wear gloves or have their hands smeared with oil of aniseed or some other sirmlar su 
stance and the board on which the food is cut should be treated in thi manner 
very effective poison against rats consi tsol* phosphorus paste into which the foo 
dipped The phosphorus is mixed with glucose m the proportion of 1 to 4 
base such as lard is employed to prevent spontan ous combustion Barium rarbona 
constitutes a very efficient rat poison and a relaUvely safe one m regarf to 
domestic animal One pound of banum carbonate is mixed thoroughly with 3 F"“ 
of flour or other ground gram m an enamel basm Sufficient water is added to make 
whole into a fairly firm paste The resulting mass 1 sufficient for some 3 300 ba 
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Personal Prophylaxis in Bubonic Plague — This depends upon avoiding 
plague infected districts contact with plague patients and protection 
from fleas I eople who hie under hjgiemc conditions rarely contract 
bubonic plague Nurses and other attendants on the sick ought carefully 
to seal up and cover any wounds about the hands, no matter how trifling 
The excreta and bed hnen of the patient must be carefully handled and 
stenlized For those who are compelled to enter and work in plague 
infected districts special precautions must be taken against fleas High 
boots with the openings at the top around the trousers closed by elastic 
or adhesive strapping are advisable Flea proof suits are also recom 
mended The use of insecticides such as kerosene or crude naphthalene 
are sometimes of service in repelhng fleas Prophylactic inoculation has 
also been advised during epidemics of bubonic plague As soon as definite 
svmptoms of plague appear m those who have been exposed to infection 
plague immune serum may be injected 

Protective Inoculahon — A number of different thods of protectiv e 
inoculation against plague have been described Haffkine first recom 
mended killed bouillon cultures Killed agar cultures killed sensitized 
agar cultures (with serum) extracts of the plague bacillus and living 
thoroughly avirulent cultures (true plague vaccines) have also been 
employed After extensive experimental work the writer 1507 demon 
strated that there is httle doubt that a higher immunity against plague 
infection may be obtained from the use of the living avirulent cultures 
than from the killed orgamsras and in fact while it is possible to immu 
nize a high percentage of guinea pigs with living avirulent cultures guinea 
pigs cannot be immunized against virulent plague infection with killed 
cultures However it was still mamtamed by some that it was possible 
to immunize with killed cultures of the plague bacillu and thxt they were 
equally valuable or even better than living avirulent cultures 

More recently Otten 1934-41 m the Dutch Indies Pine and Gravset 
1938 in Johannesburg and Cirard and Robic 1938 in Madagascar have 
also conclu ively demonstrated the supenor value of living avirulent 
cultures ov er dead cultures of P ptstis m immunization 

How ever while this method of inoculation of living av irulent cultures 
may be the best for some groups of individuals where the preparation 
of the vaccine can be carefully controlled nevertheless it is probably 
not a method that can be generally recommended for large numbers of 
people during a widespread epidemic When the prophylactic has to be 
prepared in exceedingly large amounts in the laboratory only a method of 
employment in which the vaccine is fully stenlized is advisable The 
use of the killed bouillon or agar cultures of the plaf,ue bacillus unsensi 
tized on account of ease in preparation is today generally employed for 
prophylactic inocul ition against plague 

In the prophylaxis of plague in man in India HaSkine s vaccine has 
been chiefly used Formerly broth cultures were grown for 6 weeks at 
room temperature and heated for J* hour at 63 G and o 5 per cent 
phenol then added Now the prophylactic is prepared from a 4 weeks 
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gahanized iron These guards toll fil on all hnes accurately and hste 
straps which hold them perpendicular to the line 

Quarantine -—Care must be taken also to see that no case's of plague 
land from ships and particularly that mild cases such as those of p«t's 
minor, are not ot erlooked Passengere and crews from plague infected 
ports should be carefull} inspected The temperature of each peBon 
should be taken and it is desirable to make special etamination for buboes 
If a case of suspected pneumonic plague ^ould be found, it should at 
once be isolated in the hospital and the individuals m contact with it 
should also be isolated m separate compartments The employment of 
an efficient immune scrum if a\atlable for the contacts should be consid 
ered If a case of bubonic plague is discos ered it should also be taken 
to the hospital but individual isolation is not so neccs'ary for other 
passengers It is advisable for vessels nhich are constantJv trading 
with plague infected ports to have the crew given prophylactic inoculation 
against plague The period of detention of the personnel for a plague 
infected ship has varied from 7 to 10 davs 

Mantime transmission of plague is dependent very largely on the 
escape of infected rodents from ships and the transfer of ibeir infected 
fleas to rats on the shore The survey of the U S Public Health Servtte 
(*W 7 ) of ships at Atlantic ports has shown that only 8 4 per cent of tre 
vessels were infested with rats whereas between 19:5 and 19*7 
number of vessels infested was 50 per cent Factors which have led to 
this improved condition have been effective fumigation rat proofing of 
vessels extensive inspection and international certification \essels 
which are free of rats qualify for a reduction of quarantine delavs and 
port dues 

PisinfectiDD of Houses — Houses in which one or more cases of 
have developed or in which infected rodents have been found should 
always be disinfected to kill rodents and insects After disinfection o* 
bouses or zooms several guinea pigs may be pheed «? them for a few 
days before human occupation is allowed If many infected fleas are 
still present, the animals will often contract the disease The guinea p g 
may be successfully infected with a single virulent plague microorganism 
Sokbey and his associates (1939/ have made an etfensive study of tre 
question of the disinfection of houses in Bombay They have especiaiy 
studied the new cyanide compounds vvhich are very stable and nhie 
give out KCN only when blown into the air in dust, hence they sta e 
they are relatively safe and easy to apply Three chemical preparations 
cyanogas caiad and cvmag have been espeually satisfactory Both m 
artifiaal burrows, and la houses the rats and fleas exposed were found to 
be killed, the preparation known as caiad being by far the most effective 
for this purpose Stewart and Mackie (1938) have found m the western 
United States that liquid methyl bromide is very effective m desfroving 
rodents m their burrows . 

Badly infected rural center!, and villages may best be evacuateo a 
the bedding and clothes of patients burned by lire 
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Office International dH>gieoc PuWique la 1931-2 distributed a ques 
tiotsaire in regard to the value of plague inoculation Was the scepticism 
felt about dead vaccine justified? \cs to judge from some of the replies 
No to judge from the reply from India 

According to the Indian report a total of 147 000 vaccinations was 
made between 1S93 and 1919 with lulled vaccine and ga\e evidence that 
the risk, of contracting plague bad been diminished by one fourth and 
the nsk of death to one eighth The use of this same vaccine m Java 
in the epidemic of igsi-a reduced the death rate bv only one half and in 
some districts where the epidemic «as increasing the reduction was not 
mote than one third In Madagascar likewise various types of killed 
vaccines Haffkme s aqueous vaccines and iipo vaccines have not given 
very encouraging results and the population depressed by the number of 
obvious failures have lost confidence in the efficacj of the method 

Fine and Grasset (193S) m etperimentai work on rats found that 
none of the infected rats when tested with frona 2 to 3 MLD respectively 
survived when killed vaccine bad been used whereas all the rats survived 
which had been vaccinated with the living aviiident vacQne Also the 
serum prepared with the kiUed plague organism saved none of the 6 rats 
tested while the serum prepared with the living avuutest organism 
saved s out of the 6 

Since the writer in igo? demonstrated tbevalue of avirulestciiltures 
such cultures were not apparently employed again m human inoculation 
on a large scale until Otten 1934 began a careful investigation of the 
subject ills investigations earned on now sn Java for 7 years seem 
to have conclusively demonstrated the great value of living a>iru!eflt 
cultures in the nnmunuatioo of man In 1934 Otten vaccinated 37 500 
or about half the population of a district near Bandoeng Java where 
plague was raging Deaths from bubonic plague as from the second 
week after vaccination were 23 among the vaccinated {14 3 per cent 
of the total deaths) and 132 among the unvaccinated (85 4 per cent of 
the total deaths) The vaccine was made from living cultures of the 
avjrulent strain Tjiwidej obtained from a plague rat in 1929 Later 
Otten stated 400 000 persons bad been vaccinated vnih living plague 
without incident or accident He bebeves that when plague begins to 
recur among the vaccinated it is a sign that revaccination is called for 
He reported that among 37 435 vaccinated there were 38 deaths or 
1 o£ per miUe among 44 757 not vaccinated there were 213 deaths or 
475 per tmlle and judging from the recurrence among vaccinated persons 
the immunity seemed to be valid for fi to g months 

In a subsequent report Rosier (1938) states that i 804. 234 inoculations 
have been eSected without any ao^nts He believes, that the steady 
decrease of the present epidemic in Java which reached its peak in 1934 
IS to be attributed in the first place to the use of Otten s living avinilent 
plague vaccine In the regencies of Bandoeng and Soemedang out of a 
total population of r 149 273 as many as x 049 S33 or 91 3 per cent were 
inoculated of their own free wdl Subsequently Otten reported that 
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culture killed bj heatfor 15 nunutcsat55®C with thesubsequentaddition 
of o 5 per cent phenol The dosage for an adult is usually 4 cc, gnen 
m a single inoculation 

The vaccine now supplied by the United Stales Vrmy for use m endemic areis 
consists of 2 000 million Lilled plague baalli per cubic centimeter The imlial vaccisa 
tion consists of tno subcutaneous injections of plague vaccine with an interval of from 
seve.< to ten days between injections The first dose shall consist of 0 5 cc and tk 
second dose of i c c of the vaccine ildditional i c c doses of plague vaccine may be 
administered whenever m the opinion of the sui^eon additional stimulation of immumtv 
IS indicated 

Numerous statistics which have been published in different parts 
of the world would appear to ha\e demonstrated the value of protective 
inoculation in bubonic plague, and the opinion is rather generally accepted 
toda> that an active immunity produced bj inoculation has a distinct 
influence of practical importance in the prevention of the disease The 
report of the Commission appointed b> the Government of India to 
investigate the cfEcacy of protective inoculation against plague concluded 
that the evidence pointed decidedly to the value of vaccination and that 
inoculation sensibly diminished the incidence of plague in the inoculated 
population although the protection afforded was not absolute and also 
that inoculation diminished thedeathrateamongthcinoculated population 

Topley (1936) states the protective value of this vaccine is still 
difficult to assess as in most of the trials in India ewet collection of 
statistics IS notoriously diflicuU The selection of the groups for vac 
cination has m some instances not been above criticism Taylor 1933 
has collected groups of cases in different localities and given the number 
of inoculated and non inoculated and the number of attacks and deaths 
m each group The number inoculated amounted to 147 7^5 
unmoculated 186,424 The figures suggest that the inoculations con 
ferred protection m 4 times as many individuals as in the unmoculated 
On the other hand his details show that in one locality Ahatfcar Kalan 
1040 were inoculated and 338 not inoculated Nevertheless the number 
of cases of plague in the smaller number of non inoculated was identical 
with the number of cases of plague m the inoculated The effect 
of the vaccination is believed in India to last for some months 

In Ivetherlands India Otien (19^9) selected a site not yet infected but which 
near an already plague infected distnet and it was thought that it rnight be attacked in 
the near future However the population was vaccinated in such s oMoner that »s 
nearly as possible there were equal numbers of vaccinated and unvacemated m e®tn 
house yVhen plague later invaded the distnet the returns showed that the unvacci 
Dated were attacked in a proportion of 2 to i among the vaccinated , 

Vogel m 19J2 employed in Java Haffkine s broth vaccine S7 2*4 pe*’*®°* 
the vaccine and 39 004 did not The mortabty in the former was about one hall 
the unvacemated However the reports of the value of the use of Hallkme s kiW 
cultures have not always been so favorable Thus Campbell 193S in the study ol w 
outbreak of plague in Africa on Lake Victoru sUtes that mass inoculation was 
but it did not seem to baveany effect in stopping the outbreak modifying the il ness 
leducng the chances of acquiring infection Also ilUchell and Pine in Johannesbu g 
pointed out that from ammal experiments the security engendered by the use ol plag^ 
prophylactic vaccine rested on an rnsecure foundation and after extensive use for ' 
years in Java it was abandoned 

Pine and Grasset (193®) have pointed out that m some countn« 
It has been felt that there is bttle advanUge m using anti 
made from killed microorganisms and that hence some 

concentrated their research on hvi e In 
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treated by sponging every hour or two with warm or cold water Anti 
pyretic drugs such as the coal tar products should in general not be 
employed as the heart is frequently affected early in the disease Stimula 
tion is frequently necessary and for this purpose digitalis strophanthus 
and caffeine may be employed and seem m this disease more advan 
tageous than alcohol Thoulon has found digitalis of great value in 
treating myocarditis due to plague In sudden collapse ammonia may be 
apphed to the nostrils and ether injected hypodermically with favorable 
results In violent or very restless cases hyostin is frequently of service 
For the headache an ice cap is preferable to drugs Ice bags or cold 
applications should be apphed to the buboes Manson Bahr (1936) 
recommends applications of glycerin and belladoca and Choksy (1936) 
hot fomentations of dilute carbolic acid The general result of expeti 
ence is that energetic treatment of the buboes by caustics mercurial 
inunctions or early surgical interference is painful and produces no favor 
able change In Hongkong the injection into the glands of a solution of 
perchlorid of mercury and carbohc aad was recommended but gave only 
temporary benefit Another preparation that has been advocated in 
India is a mixture of codeine in solution of camphor and thymol in equal 
parts injected subcutaneously into the bubo in doses of to i cc 

When softening or suppuration occurs surgical treatment by inusion 
and drainage may be called for but nothing is gamed by too early incision 
Excision of buboes is of very doubtful service and has often been followed 
by serious results as a rapidly fatal septicaemia Stitt has emphasized 
this danger All skin lesions and carbuncles should receive antiseptic 
treatment 

Morphine it 1$ generally agreed is the best hypnotic to employ and 
IS generally preferable to chloral and the bromides to secure sleep Either 
morphine or hyoscin is sometimes necessary in the maniacal cases 

The patient should be urged to drink plenty of water m order to 
secure abundant elimination through the kidneys The urine should be 
examined frequently and any symptoms of anuresis or acidosis treated 
by alkalis administered either rectally or intravenously as desenbed in 
the Treatment of Cholera on p 644 

For the vomiting cold applications to the epigastrium may be used 
and relief is sometimes obtained by the administration of a salme cathartic 
In severe haeroorrbagic cases caJaum cblond may be employed 

It is important to keep the patient prone in bed until the temperature 
hasbeennormalforat least three or four days otherwise death by syncope 
may result The heart s action may remain weak for a long time after 
convalescence and tonics and stimulants are frequently indicated The 
diet should consist of broths and milfc 

Tincture of lodtn 5 drops every 3 hours by mouth or the application 
of lodin locally to the buboes or 7 mmims of the tincture given in sahne 
solution intravenously once in *4 hours has been used extensively in the 
Maratha plague hospital m India and its employment sometimes seemed 
beneficial 
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dunng the >ears 1934-JS o'" boooooo persons were vacanated and 
the death rate among those tacanatcd nas one tenth of that among the 
unvaccinated 

The League of Nations (1940) reports that m the 4 jeats i 93 S -’5 
more than 6000000 inoculations have been made in the Nether'nds 
with this vaccine, and that it has considerably accelerated the decL « 
of the disease Otten (1941) reports that nearly 10 million vaccinations 
have been performed 

In Madjtascar, also very favorable results have been reported from 
the use of the living avirutent plague vaccine which was first introduced 

1933-34 

Th« vaccine ereplojed IS known »s iN E V strain Jn one district with a popu 
iatjon 0/ 10 000 of these 5300 were children under 2 ycarsof age Of the remsuidf; 
46 379 were vaccinated and 54 rai were not Among the vaccinaled there were rihul 
cases 4 ^ per rnille among the unvaccinated too 16 6 per nuUc While the duration 
of immuQity has not been definitcfy deteemieed it is hetieved (hat 6 moatis tuboul tke 
limit of safety and that revacctnation should be performed after that lime 

Passa {1938) has also reported on prophylactic rnocuJatwn with this plague viccine 
on the high plateau of Madagascar In^years 1935-37 there wereperformed 600000 
711039 and 8 jj 453 vaccinatiors The tepoiled casts of plague were 3493 rooiiiid 
918 A report published 10 1939 by Vogel an IRiiu ebons that in Madagascar prophy 
lactic vaccination has been on « large scale dunog 1936 and 1937 The living E V 
vaccine Has used and the total ol vaccinations nas 815 453 fora populauon of t oji 
mbabitants or 77 s per cent The table of monthly graphs for the years 1931 3* 
shows a marked decrease of cases for 1936-37 by compari on with the years 19JJ iS 
inclusive The results are claiioed as shoning the e/Iert of the sew method of vscci* 
nation on a large scale 

Anchezar (1938) shows that the E V ttram of Girard which was onpnsljyuolated 
from a case of bubonic plague corresponds to £ prr/ii in all respects ft isavirulentior 
laboratory animals and inoculation of large doses lulls animals by toxaemia 

Girard and Robic (tojS) also report that a huge program of plague ptophylav'st® 
Madagascar by means of this fiviogavirutent E V vaccine has been carried outdwiW 
the past 3 years Over 1000000 vaccinations have been performed The kiHw 
vaccine which was originally used had given mediocre results With the living vacc « 
on the other hand an 80 per cent reduction of mortality resulted 

Otleu (1938) paints out that only certain avirulent strains are valuable 
for human protective inocvilation and that the antigen potency must be 
watched and preserved He also states that it is obvious that certain 
of the avirulent strains that have been studied at the Haffkine Institute 
have evidently been of infenor immunuing power 

Grasset (1942) has olso reported upon the use of the live vaccine la 'SuUth Africa 
The vaccneiuspetisian con istii^ of a 24 bone growth at 37 C was adjusted to a «i> 
centration of i ooo nullion organisms percc and made from the two avirulent stis'Bs 
carefully tested for purity E V and Tjwidej strains 

ScbuUe 0939) Vbinks that the apex 01 protetUve power of the smooth avitulenl 
living vaccine depends upon its capacity for prolonged survival in the inoculated amin 
With killed cultures he thought be could show that the rough strain is more QUivkiy 
suppressed and has therefore less lime to elaborate anligea However Otten (tgfS) 
has shown that the degree of vinilence wbatevn relation to antigenic structure may 
exist cannot be accounted for by the loorpboheyol tie colony 

Treatment 

Symptomatic Treatment. — ^ITie treatment 0/ plague is largely syropfo 
matic The patient should be kept in bed given good nursing and fresh 
air An initial purgative is generally advisable The fever should be 
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Drug 

hiutnber I 
of cases I 
treated 1 

Number ! 
of deaths 

Case 

mortality 

Sulphathia ole 

S47 

33 

32 4 

Sulphap> ridme 

Controls — treated with usual hosp tal treatment of 

70 

n 

30 0 

odine intravenously 

140 

So 

5t 6 


Cases tvith Plaode Sii^caemi* at the Coumekceaient or TsEATiiEUt 


Drug 

of cases 

Number 
of deaths 

Case 

mortality 

Sulphathiarole 

6r 

6 


Sulphapyridine 

33 

19 

57 5 

Controls — lod ne treatment 

Serum treatment 

7j 

6S 

QD S 

600 


Plum (J94 J in Nairob t s I o enipIo>«<l sulfspAnd ne {or tmtment d reports 
Ihlt if It was g n ufTe entlv early and m la ge do e t acted slmo t specifically 
Th ava I ble lose u cd in an adult case a 4 UbI ts on adm s on and thercafte 
two tablets eve « a h u unt 1 the temperature bad be n normal for 4 h ur In 
th cas s t t d on the first diy of tbe disea e the tn ui t> v as ab ut on the 
econd rta> of the di etse *o'“ on the (lu d d v j and on the lo rlh day ard 0 e 
00- 

Trtamtnl — The /oJlowinf su^escions for treatment hate been made 
to the Medical Corps of the United States Army 

G » of -*Motph ne as md cated for resiles nes and del r um Force Qu ds bv 
Toonlh or pMenteially for totemia 

CA (i />v — It s m St mpo tant to in t ate the treatme t w thout delay after 
th d agnosis has been establ shed In order to prevent the de ebpment of a con 
t nu us s ptiea m a the the ap> must im t h h blood le els of from s to 0 mgma 
per cent durme the first four or r e days of the disease tulfad aa ne s the iru of 
cho ce bulfath le is I s IT cti but m v be u d \hen suUadiaaine is not a a 1 
able To acli eve the de ired level (be dm should he given as ft Hows 

Sj m (A In t al d so 4 o g m (t. gr sj t pH r th od um bicarbonate 
sub equent doses 5 to e grim (a ** to }o grains' every four hours d y and n ght 
unt 1 temperature s normal Then cont nue th o 5 g am ve y four hours for at 
lit t s days alt th temp atu is n rmal A. gradual refaction n th bl d 
level of from IQ to 3 ragm per cent sind catel \ heu the pat e t hows improvement 
D at n f treatment mu t be dete in n d ndivid ally The flu d ntake n u t b 
egiilated to in u e a d ily u ma > output of at least l 50® 

Sv oifi In fulmmat Dg c ses o wb t tm nt has been del >ed 

sod um uUadia ne (5 sotut n te le d stilled water) should be tried as follows 
lilt Idseoig m( Sf ist per kilo of body weight g en slowly sub equent 
do es o 06 I Q grarn pet kvlo every sia hotii Ch ng to o al dosige s oon 
pos ihl 

Wavson and McMahon ( 944) m an imp rtant study ha e ho n that 15 gu a 
P that ve e c I t d t d inally with nle t P p rfii and developed plague 

3 ec d ft t eatment with sulfad n nd sh el no ev lence of infect on t 

necrop>wh killed n dajs afte oculaton Oneded ilh ulf I m de vstal 
mthekidnev Thirteen vsnt, * i d e ntioSs dtd I pil gue her similar inoculat on 
rieven guinea pi s nfected a,th plague b> 11 a b tes developed the d sea e b t 
reco ere f und r treatme { ith sutfad e and showei no e d nc of the irfection 
at necropsy at days after inoeulat n ^lne untreated c ntrol ihichwere nfected 
a miU m ner developel the d ase and d d They po nt 0 t th t th drug 
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Intravenous injectionsof a number of antiseptics have been advocated 
among these have been mercutochrome, quinone and catechin Othe*s 
have been lodin neosaharsan Ba>er 205 clectrago] eusol gonaenne 
metheljne blue and formalin Onlv for a time nere favorable results 
reported from intravenous injeciions of mercurochrome A i per ent 
solution in water v as given m doses of a-j mg per kilo of bodj weight 
The dose especialij recommended was 20 cc of a r per cent solution 
In Java, a substance inon n as ommadin in 2 cc doses has been employ ed 
Cams and Naidu (tp 7) have shown that mercurochrome has no favorab! 
influence on plague in rats or rabbits and it has been rather general!) 
accepted that the drug is not efficient m the treatment of human casr 

Bacteriophage has been tried in the treatment of plague by D Herelle 
and Naidu and their associates In bubonic cases it was recorameeded 
that a-3 cc should be injected subcutaneously into the bubo on the first 
and again on the second day In septicaemic plague 3 cc or more have 
been given intravenously Naidu and Avan (tpjj) m India employed a 
bacteriophage which lysed a '*4 hour plague culture in less than 2 hours 
but It proved quite ineffective m practice Ouiiliny has treated cases of 
pneumonic plague m Madagascar intravenously with a test phage but 
patients so treated did not <cem to rewive any benefit There have 
been a few more favorable reports of its use Advier (rpji) reported 
treating 35 ca^s of bubonic plague with a phage obtam'^d from a patient 
in Senegal Tventy of them recovered Couvy and his associates ah® 
report treating 2t severe cases of bubonic plague with 15 recoveries 
Sorrel (1937I has used it by injecting it either intravenously or sub- 
cutaneously directly into the bubo the results did not appear to difier 
from those obtained by serum treatment Robic (1937) on the other 
hand found the phage favorably reported upon in Dakar, as useless ib 
M adagascar m treatment of either the bubonic or pneumonic forms 

The Sulfonamides — On account©/ the value of some of the sulfonamide 
compounds m streptococcal infections several of these have recently 
been tested uv plague Sokhey and his associates (1939) have found that 
prontosil and il &. B 693 showed little or no curative power in erperi 
mental infection m rodents However, Durand (1930) reports that 
dagnan or M 81 B 693 (para aminophenyl sulphamido-pyndine) may be 
led to mice daily and that the dntg was fairly w ell tolerat^ and that such 
mice when later inoculated with plague survived Schutze (1939) 
Gtratd and Girard (1939) also reported good results m the treatment of 
rodents with this preparation Three cases of plague treated with 
prontosil by Vine (1939) were all said to have recovered Wagle 
Sokhey and Dikshit have recently employed the sulfonamides in the 
treatment of Bubonic and Septicaemic plague Their results may be 
recorded as follows 
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valesceat cases and also those in whom the lUness had already lasted foe 
6 days or more 

The obsenations were thus restneted to the most acute cases within 
the first 5 days of the illness E\ery alternate case was then treated 
with serum Four hundred cases under his observation were treated m 
thiswa^ In the scrum cases themortaUty was63 5pei cent andinthe 
200 controls the mortality was 74 per cent There t as thus a difference 
of 10 5 per cent m favor of the scrum cases In a previous senes of 238 
cases treated with the serum the mortality rate was 59 2 per cent 

By comparing the time of death after admission between the serum 
and the control cases it \vas found that whereas 79 per cent of all death 
among controls occurred within 4 days after admission the proportion 
was 58 2 per cent among the serum cases a difference of nearly 21 per 
cent the serum having considerably prolonged life Of 243 cases treated 
in private practice with the serum the mortality was as low as 407 
per cent 

Out of the entire 1081 patients subjected to the serum treatment 
537 died and 544 recovered the mortality rate being 49 6 per cent 613 
of the cases were treated in hospitals m which the case mortality was 
57 per cent and 468 were private cases m which the mortality rate was 
39 9 per cent A very striking feature is the difference m the mortality 
rate according to the stage of the disease at which the serum was injected 
Of ji6 patients treated on the first day 220 recovered the mortality 
being 30 3 per cent On the second day of illness 300 cases were treated 
142 recovering or a mortality of 526 per cent The table on p 708 
also shows the increased mortality m the cases treated later than the 
second day of the disease 

The general mortality of plague at that time in India were estimated 
at 89 9 per cent He concluded hi>, observations by stating that the sue 
cess of the treatment lies m applying the serum very early Among 
patients subjected to the treatment within the first few or even 24 hours 
It IS noticed that the whole course of the disease becomes altered The 
normal duration of the di&ease from about 8 to 10 days is reduced to 4 or 
5 days Serious complications of the nervous circulatory and other 
systems are averted The buboes become absorbed and convalescence 
IS more rapid After 48 hours the serum does not appear to influence the 
course of the disease perceptibly 

Increased MoRfAUTv in Cases Tbeated ArrcR Sscovd Day or Oi ea e 


Duratio of ill 

1 Number 

1 Reel) ered 

1 C se mortal tj 

First d y 



30 3 

Second d y 



Third d y 



1 0 

Tourth d y 



Tifth 1 y 1 

5* 


SiiA d y 

Sev Ih d y 

6 

57 r 
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treatment should begin as soon as the fever and buboes have developed and should 
continue through the febrile period A blood level of 4-7 mg per cent of the drug 
was usual)} maintained but no attempt was made to determine the level required for 
therapeutic elhcienc} 

Surgiiral —Hot wet applications to the bubo mav hasten localization of the mlec 
tion Inci ion should be dela}ed and in anv case not ] erlornied until localization is 
complete in order to avoid blood stream infection 

Serum Treatment — In order to understand the action of plague immune serum 
in the treatment of plague it is necessar> to understand the action that such an immune 
serum has upon Pasl pcsits The unter demonstrated in 1907 that the plague immune 
serum prepared with living virulent or^ani ms is neither antitoxic nor bactencidal in 
Its action against the plague bacillus la ttln but that it has the power of preventin 
the development of the plague baallis and of preventing its multiplying and tna) he 
termed anti infectious in its action With this knowledge it is not difficult to 
interpret the re ults which are obtained in the serum treatment of animals expen 
mentally infected with plague and we find that the success of the serum treatment 
appears to depend particularly upon the number of pUgue bacilli in the amma! organism 
at the time of the inoculation of the serum that is upon the length of lime the serum 
IS injected after the infection has occurred If the oreamsm is slready overwhelmed 
with bacteria at the time of the introduction of the serum almost no favorable change 
will be noted in the course of the disease because the serum is merelv anti infectioui 
and IS not antitoxic 

Thus of a series of rats inoculated by the writer with immune serum st the time of 
their infection with plague bacilli 60 per cent survived and 40 per cent succumbed to 
the infection while 0/ another senes which were inoculated with the serum U hours 
after the plague infection only 40 per cent survived and 60 per cent died In anolhet 
senes of experiments in which larger doses of serum were employed and a less severe 
method of infection the animals were inoculated with the serum in 3 senes o"*** 
the time of the infection a second 4 hours following the infection and a third 4^ hours 
after the infection The mortality in the first senes wav 10 per cent in the 
40 per cent and in the third 66 6 pet cent Similar results have been obtained with 
monkeys and sometimes it is possible to save those animals which have previously 
been infected with plague by the inoculation of phgue immune serum injected as u e 
as from la to 24 hours after the lime of the infection provided large doses of the seru 
are used \V ith rats it has been shown that if large doses of the serum ate used eve 
ammaU in which the disease is fairly well advanced mav sometimes be saved bv 
serum 

Result of Treatment in Man — Turning our attention to the trea 
ment of human cases of plague with serum we find somewhat similar 
results reported Choksy in India who has had a very extensive expen 
ence with the serum treatment of plague states that much depends upon 
the early and free use of the serum In patients treated on the first day or 
within a few hours of the onset of the symptoms one injection of 
followed by another after 6 to 8 hours and then if necessary by a thir 
after a similar interval would cut short the attack if the case wenf 
pneumonic malignant or septicaemic He also emphasizes the fact a 
the earber the serum is used the more efficacious it is and that if goo 
results are to be obtained from serum therapy, the patient must 0 
treated on the first day of the illness He admits that the serum 
favorably influence all types of plague or even the malignant forms of 0 
bubonic ty pe but he shows that it is the only treatment capable of saving 
large proportion in a certain class of patient , 

In a more recent publication he summanzed his observations regar 
ing 1081 cases There were ehminated from the observations septicaemic 
pneumonic and moribund cases as wdl as convalescent and semicon 
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point out that none of the sera which had been previously employed 
produced a case mortality below 60 per cent Such work is exceedingly 
encouraging 

It should be borne in imnd that we have experimental data in animals 
showing that a proper immune serum mil protect a certain percentage 
of the ammals if given eari> in the stage of the infection 

prophylaxis and Pneumontc Plague — In an epidemic of pneumonic 
plague the public health campaign must center upon the early detection 
and isolation of cases and of conducting evacuation of infected areas and 
masking Every case of primary pneumonic plague constitutes a very 
dangerous focus of infection The fully virulent microorganisms are 
present in enormous numbers in the sputum often in almost pure culture 
and the plague bacilli are also expelled in large numbers into the surround 
mg atmosphere by coughing As a result any person entermg a ward 
containing cases of plague pneumoiua is liable to contract the pneumonic 
form of plague 

FUgue bacilli are cot killed by freezuig for long periods of time and hence epidemics 
of pneumonic plague aie particulaily venous dotug cold weather In order to prevent 
chesp d of pneumonic plague the cases must be recognized early and rig dly isolated 
Suspected cases should abo be isolated There must be separate hospitals for plague 
patents for suspected eases and for contacts Sanitary cordons should be established 
against infected areas and there should be stnct medical inspection and quarantine for 
d e days Buildings such as sehooU chu cbes theatres factories and markets should 
be closed The pneumonic plague hospital mu t be built or arranged so as to admit of 
dividual isolation No p t ent should be (ran ferred from the suspect hospital to the 
plague hospital until a positive diagnosis of plague has been made The pneumonic 
pi gue hospital for suspected eases mu t also admit of individual isolation of patients 

Houses m which pneumonic plague cas s ocrur should be thoroughly d s nfected in 
the manner described for bubonic plague The eicretions end particularly the sputum 
must be thoroughly and C efollyste lied All soiled linen must be disinfected also 
and walls and fioors should be mopped with s 1000 bichloride solution 

It has been advised that the sanitary stafi be inoculated with plague 
vaccme However they should not rely upon such protective inoculation 
Teague and the wnter found in extensive experiments with monkeys that 
only about 10 per cent of the vaccinated animals were protected against 
plague infection by inhalation The remaining 90 per cent of the animals 
died of pneumonic plague Wasilewski in the epidermc of pneumonic 
plague in eastern Siberia in 1921 also concluded that antiplague vaccina 
tion has no favorable influence in pulmonary plague For the passive 
iramumzation in a household of u^viduats that have been exposed to 
infection thein3ectionof socc ofplagueimmuneserummay beemployed 
Doctors nurses and attendants should be provided with face masks 
made of 8 layers of gauze or 4 of cheesecloth which should always be 
worn when at work m the vicimty of pneumomc plague cases Goggles 
should be worn m examimng cases al» and gloves when autopsies are 
performed A cotton gown should be worn in the wards ind removed 
on leaving them Attendants are advised not to shave immediately 
before entering the wards to attend patients on account of the danger of 
infection through the slight abrasions on the face Individual masking 
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Simpson, m his Treatise oh Plague, ’ summanres his remarks in 
regard to treatment with the statement that if the serum is injected 
intravenously and earl> it appears to give the patient a better chance of 
recov ery than an> pharmacopeial drug and in some instances the state 
of the patient after the injection is so much improved that it can be 
attributed only to the action of the serum 

In 1913 the Bntiah Plague Commissioo u India came to the conclusion that it 
appeared that the administrattoo of the available sera was not a practicable ineaiis of 
bnnging about any material diminution in the mortality of plague m India but never 
theless the results of their analysis seemed to show as the others discussed have that 
if the serum can be given early enough in the disease and if the infection is not too severe 
a benefcial effect may be often obtained The results of serum treatment in plague 
however are frequently uncertain audit must be borne m mind that it ji only within a 
narrow limit of time that its use in man as in animals is efficacious 

Plague immune serum is still used to some ectent for treating bubonic 
plague in India but the reports are b> no means unanimous as to its value 
The dose recommended and given has frequently been from jo to 40 cc 
no matter how serious the condition of the patient ^evc^t^leless 
Dawson has reported that of 50 patients in apparently moribund cemdJ 
tion 16 recov ered after receiving theserum Apparently m many instances 
no attempt has been made to demonstrate the immunizing power of the 
serum emploj ed by etpenmenls upon rats Satisjachry plaiut mmune 
sera cannot he preparti vi horses unless satisfactorily ttrulent Intng culluni 
are inoculated Satisfactory mmune sera cannot be prepared uith hlUi 
cultures of the plague bacillus or with extracts of the bacillus Although 
this fact had been emphasized m earlier jears bj the writer some labo- 
ratories on account of the difficulty of inoculating the partiallj 
horse with living virulent cultures have manufactured their serum only 
with killed cultures Thus Pine and GrasSet (1938) pointed out that tne 
plague immune serum at the South African Institute was formerly pr® 
pared only with killed cuUutes They have since demonstrated the 
great value of serum prepared by the inoculation of horses with IrvmS 
avirulent cultures This is now the standard method of the Institute 
Sokhey (1938) has recently prepared at the Haffkine Institute a new 
anti plague serum It was tested from the middle of January to the en 
of April 1938 during an outbreak of 124 cases Every alternate admission 
to the hospital was treated with serum 

Others were treated with intravenous in]ec(ioiis of lodin solution ho selection 0 

any type vasrnadc but during the third weet of the trial all patients admitted we 

treated with serum Of the 69 patients treated with serum tg died of plague , 

percentage mortality of S7 per cent Of the 35 cases treated with iodine 

died giving a percentage mortality of 65 per cent In « previous tnal ”,1 

Ilyderabadwitbtbesamesenim 94 patients were treated with theserum 
and a percentage mortality of 255 while among 80 controls there were S® 
giving a percentage mortality of Oa a per cent 

Cliiucall) the adraimstration of the serum produced very striking 
le'uUs The general condition of the patients improved very rapiulJ 
with the disappearance of toxic symptoms It is stated that the r«a ts 
show that there has been obtained a serum of a high curativ e v alue They 
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m this disease is perhaps more effective than in protection against influ 
enza on account of the great difference in size of the etiological factors 
in\ olved In influenza, the virus, being ultra microscopic would prob- 
ably not be interrupted to the same extent by the mask as the plague 
bacillus 

Spread of Pneumonic Plague and Plague Pneiimoma — The danger 
of the spread of pneumonic plague and its high fataht> is emphasized by 
the following figures 

Manchuria rgxo 6o ooo cases all fatal Ecuador igjp i6 cases is fatal 

Manchuria igso-igji lo oco fatal cases South Africa (kalashi) 1541 37 
California Oakland igig 13 fatal cases 36 fatal 

Los Angeles rg24 3s cases 30 fatal Nairobi rg4» 131 cases i 9 fatal 

Madagasca 44a cases all fatal 

It has been noted that when secondary pneumonia deselops in the 
course of bubonic plague in India the Philippines, or other hot countnes 
It IS not followed bj primary plague pneumonia outbreaks 
thought to be due to the fact that the windows are wide open 
relatue humidity low conditions which are the opposite of those which 
existed in Manchuria where the intense cold made the closing of 
necessary and where the air of rooms or wards was saturated with the 
moisture from the occupants As the mam consideration for the ° 
pneumonic plague seems to be high relative humidity, it would seem 
advisable that hospital wards should be constructed so that the air 
supplied by artificial ventilation would be very dry . 

In the spread of respiratory diseases the recent investigations 0 
Wells and Stone (1934) upon air borne infections are of interest 
they point out the importance of dried infected droplet nuclei 
from droplets less than one tenth of a millimeter in diameter \ve 
(1940) has emphasized the destruction of droplet nuclei infection y 
ultra violet light as a promising means of preventing droplet infections in 
hospital wards 
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VaU (1914) reported conjunctivitis tularcnsis and from bis patient 
Wherry and Lamb by animal inoculation made the first isolation of 
Past tularensu from man The two latter (1914) also reported the first 
isolation from wild rabbits 

Francis (1919) identified the deer fly fever of Utah with the plague 
like di ease of rodents of California and gave in 1921 the name of tularae 
mia to the disease on account of the bactenaemia He isolated Past 
tularensu from fly bitten human cases wild jack, rabbit and one ground 
squirrel demonstrated agglutinins m the serum of human cases andtrans 
mitted infections in laboratory animals with C discahs His work and the 
stimulus of his leadership have been predominantlj responsible for 
further investigations and dissemination of knowledge concermng the 
disease 

Parker and Spencer (1924) established Dermacentor andersom as a 
host and vector for the disease in roan and rodents demonstrated (1926) 
hereditarj transmission in D andersont and showed the rabbit tick 
{Haemaphysalu lepms palusirts) to be a vector for rodt nts 

Ohara (1923) reported a febrile disease of roan in Japan associated 
with a disease of wild rabbits and Francis and Moore (1926) showed 
It to be tularaemia 

Geographical Distnbuhoa. — By 1928 650 cases had been reported 
in the United States being contributed by the District of Columbia 
and all states except Wisconsin Wasbingtou and some of New England 
Up to 1942 cases had occurred in all state butVermont In Japan the 
di«a e was lecognijed vn 19 5 In Russia (191&) it was noted in native 
hunters of the water rat . 4 mcoJ<i which are skinned for their 

fur Russian observers have noted that the infection is widespread 
among rodents in places where no examples of the human disease have 
been discovered The League of Nations reported its occurrence in 
Norway in 1929 and 01 m and Sehlstedt (1931) have encountered 31 cases 
inSweden The infection has also been obUived in Canada 1930 and in 
Austria 1935 Germany Czechoslovakia Moravia and Turkey 1936 
Francis (1937) notes that human cases have been found in 46 states and 
mtVashmgton D C in the United States Groups of cases have some 
times been noted in different localities Thus within a few months in 
1928 31 cases of tularaemia were reported in one county in Tennessee 
and 53 in the city of Dayton Ohio The increased frequency of reported 
cases has suggested an even greater prevalence Foshay (1940) points 
out that in the fall of 1936 there occurred a large endemic outbreak in the 
Cincinnati region with about 140 cases in the 6 week period between 
November 15 and December 31 Sumlai increases over the usual normal 
number were noted the same year as far north as Dayton Ohio and in 
southeastern Indiana and northern Kentucky 

E-n01X>GY AMP EroPEUlOLDCV 

Etiology — Pasleurella tularensK {Bactenum lularense) is a small (o 3 
to o •jw long) non motile Gram negative non sporebeating pleomorphic 
(bacillary coccoidal and bipolar) organism and gives the appearance in 
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Depinition and Synonyms 

S3nnonyms — Plague like disease of rodents deer fl> fever conjuncti 
vitis tularensis rabbit fever glandular type of tick fever, Ohara sdisea e 
(Japan) 

Definition — A primarily fatal bacteriaemic plague like disease 
various rodents especially rabbits and hares caused by Pasiwelh 
tularensis {Bacterium tularense) It is highly infectious and is transmitted 
to man from rodents by the bite of a fly or tick or by contaminatioaof 
the skin or conjunctiva with tissues or body fluids of infected rodents 
flies or ticks 

The site of infection in man is usually marked by a necrotic punehed 
out ulcer which is associated with a regional lymphadenitis that tends 
to chronicity The onset of the constitutional symptoms is sudden 
with rigors the fever is irregular, lasts two or three weeks and shows an 
early temporary intermission convalescence is prolonged 

History and Geographical Distribution 
History — The disease passed unrecognized as an entity for years 
being considered, probably most frequently, as influenza sepsis typhoid 
fever, pneumonia meningitis tuberculosis or sporotrichosis Available 
records enable us to identify it in the United States only since about 
1907 and in Japan, for about the same period although m the latter 
country Homroa (1837) described an intoacation caused by rabbit meat 
Martin (1907) m a personal communication described cases in Arizona 
that are now recogmzed to have been human oculo glandular and ulcero 
glandular tularaemia acquired by dressing jack rabbits and one of his 
cases showed anti tularense agglutiiuns in 1925 

Pearse (1911) differentiated dimcalty the deer fly fever of Utah 
incriminating Chrysops dtscalts as the transm ttor 

McCoy (1911) described a plague hke disease of rodents m groun 
squirrels {Cttellus ieeckeyt) from Tulare County California 

McCoy and Chapin (1912) discovered the causative organism m 
ground squirrels named it Bactenwm ttdarense cultured it transmitte 
the infection to various rodents by feeding nasal inoculation and injection 
of blood, and reported positive complement fixation and agglutination 
tests for human sera The name is from tule (Aztec) a variety of lar^ 
bulrush found in Tulare County in extensive marshy beds which cause 
the Spamards to call the region Tiilares 
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p I si s (the rabbit tick) as previously mentioned and p obably also by 1 ce Francis 
and Lake having effected transmission m the laboratory with Uatm dipsus vnlricosus 
(the rabbit louse) in igJt and with (the mouse lou e) in 192 Ce a 

lophyllus acutiis (the squirrel flea) uas found by McCoy (19 ) to be but a feeble 
vector There is ■also tl e possibility of infections through injuries during fights or 
f om attacks of infected carnivores Francis and Lake (1911) showed Ciine*/ cl lartt s 
(the bedbug) to be an effi enlvectoramong miceiothelaboratory and Wavson (1914 
called attention to the possibil tv of Stme )* cal il ans (the stable fly) and Ifiwjca 
dom lico (the house fl\ I bei „ mechanical vectors 

Although the usual method of infection is. probably inoculative it is 
said that Past tidarensis may sometimes penetrate the unbroken skm 
Laboratory animals may be infected by rubbing pathological material from 
other animals on the shaven sLm and the disease then pursues the usual 



course \\ hite mice can acquire the disease b> eating the liver of infected 
rabbits or b> eating jnfected bedbugs and the faeces of such bedbugs is 
infectious Guinea pigs can be infected by the subcutaneous injection of 
the urine of infected white mice 

C dirrafij IS found especially jn Utah and the vicinity and infections b> 
It are probably mechanical as it loses its power of transmission after about 
five days 

D andersonv a native of western North America serves not only 
as a vector but is also an important reservoir since it remains infective 
throughout Its life and Past lulwensts is widely distributed in its body 
being found in the lumen of the gut m the cells of the gut wall in the 
citculaling body fluid and m the faeces It harbors the disease through 
the winter and the infection is transmitted to the eggs Other species of 
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Stained preparations from tissues of being surrounded by capsular 
material It stains ^ell with ammonium oTalate crystal violet in films 
from cultures and tissues but Giemsa s stain is advisable for tissues In 
cultures, short bacillary forms up to Sft in length may occur, or coccoid 
forms may later predominate On account of the small size of some of 
the orgamsms they will pass through some of the coarser bactenal filters 
It IS an obligate aerobe and will not grow on ordinary laboratory 
media Cystine is necessary for culture and suitable media are blood 
glucose cystine agar and coagulated egg yolk Growth in slow small 
colonies appear about the third day and are smooth rounded and trans 
lucent Optimum for culture are a temperature of 37 C and s. pK 0! 
6 8 to 7 3 Fermentation of glucose levulose mannose, maltose and 
glycerol occurs with formation of acid but not of gas 

It is killed by 56-58 C in cultured and, in ten minutes m spleen 
tissue One per cent tricresol kills it m two minutes when rubbed into 
infected spleen tissue Cultures are rendered nonv irulent in twenty four 
hours w hen miTed w ith 0 i per cent of a 37 per cent solution of formalde 
hyde m physiological saline Francis has kept the organism alive and 
virulent in glycennated guinea pig spleen tissue at — J4 C for leyeaf# 
It has been found to remain virulent in the faeces of infected bed bUeSw 
■’S days No toxins have been demonstrated 

Cross agglutination occurs m connection with the antisera for Past /wlarwii* 
Briicelh mtlilensu and Brucelh abertus but may fail with sera of high titre as well ss 
with those of low titre This matter is considered further under undulant fever 
About as per cent of tularaemia sera were found to agglutinate B mtMtnsis and K 
abortus to some degree and in some instances to the same dilution that they aggju 
tmated Past tiilaretists but usually the anti tularense titer is much higher thaa to 
the others the cross agglutination also usually developing more slowly 4 bout 33 P* 
cent of undulant fever sera agglutinated Past lularensts to some degree 

Epidemiology — Natural infections occur in wild rodents the mos 
importarit reservoirs being the cottontail rabbit (S}l<>tlagsis sp ) the jac 
rabbit {Lepus sp ) and the snowshoe rabbit (i bairdt) Domesticate 
rabbits have not been found naturally infected Other reservoirs are t e 
California ground squirrel (Ctlellus beeclieyt) as reported originally by 
McCoy and Chapin wild rats reported (1925) from Los Angeles Ca 1 
forma by Dieter and Rhodes and meadow mice (Microtus cahjorntcus 
aestuartnus) reported (1927) from Contra Costa County Cahfornia y 
Perry The opossum Didelphss has also been found naturally mfecte 
H Cinnabanna the bird ticV has been found infected during epizootics m gan 


birds in the western United States (Phihp 1935) 

Jellison Kohls Butler and Weaver (1942) have reported upon epizootic tulara 

in the beaver Castor canadet sis the diseased ammals being found in Montana 
P tularensis was recovered from the tissues of the dead beavers Water ironi 
streams was shown to be contaminated withP tula ensts and in one stream wbic 
contaminated the infection persisted for at least 33 days after any beavers were n 
to be present Their data suggests two new queshons concerning the epidemiology 

tularaemia a The possibility that under favorable conditions epizootics may occ 

local animal populations v ithout the aid of blood sucking parasites b The P 0 “' 

that stream water contaminated withP t furensts may not only be a source 01 ini 
for beavers but occasionally of human infection 

The disease i» transmitted and mamtained m animals by 
(the wood tick) Chrysops discalu (the horse fly or deer fly) Hae nophysalis ; P 
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Wild rabbits— shot and dressed 347 cases bought or sold in markets aio cases 
skinned dressed or cut up 1078 cases Fly bite (Cirysopr d walls) — 6S cases Tick 
bite {Dermateitlor a d rsant ) — 43 eases m Montana and surrounding states Tick 
b te {Dermactnlor ca laJilij) — 73 eases p mapally in southern states Laboratory 
animals autops ed — 39 cases Sheep contact and thereby contact ssith wood ticks 
and their faeces in shearing herding and butcheiing w the Northwest — 1 cases Tree 
squirrel — skinning 10 bite clawing 1 Cats — bites $ scratching 2 CoTmtes — 
b te t skinning i Opossums — bite 1 skinning and dres mg 9 Dogs — bite i 
pickin ticks from dog 1 Skunks — bite skinnmg 1 Ground squirrels — b te m 

Montana i Hogs — bite 1 autopsy r puncture by splintered bone t Ground 
hogs — skinning 2 Mu krat — skinning 2 Quails — dressing 2 Sage hen — dressing 
r Fox — skinning a red fox and several small rodents t case m Ma ne Deer — skin 
nin and dressin case m New \otk Boll snake — skinnng Water rats of 

Europe (Art eJa amphhius ) — skinned for their pelts in Russ a about 1000 cases 
Foshay (1940) m an analysis of 600 cases found the source of tnfec 
tion to be from rabbits in 519 cases and from squirrels in 10 cases and in 
the remainder the source of infection was variable 

Infection has also occurred in laboratories especiaUy m those who 
have performed autopsies on infected animals and the greatest care m 
technique is necessary to avoid them Ingestion of insufficiently cooked 
wild rabbit meat is said to have caused o cases of which 12 died 
Aside from laboratory infections the appearance of cases shows a 
certain seasonal incidence dependent upon the period of greatest activity 
of D a«derjont (March to August) and C disnalis (June to September) 
and the open season for hunting rabbits 

Infection from man to man has not been reported either by contact 
operative procedures or insects The only record of such a possible 
transfer is that of Hams (1926) in which a mother is believed to have 
contracted tularaemia through a pnck of her thumb received while 
dressing the ulcer on ber fiy bitten son the incubation period having 
been about 24 hours 

The disease is found especially m rural districts among those exposed 
to ticks and flies and among those handling wild rabbits such as hunters 
marketmen housewives and cooks 

About 75 per cent of cases occur m males and the extreme age limits 
reported have been and 73 years 

Pathology 

In Animals — There is frequently a rapidly fatal septicaemia There 
may be glandular enlargement with focal and diffuse acute necroses 
in the spleen liver lymph nodes bone marrow and lungs in infected 
guinea pigs rabbits and white mice but the animals may die before 
such changes as are found m the late stages in man can develop Past 
lularensis invades the fixed tissue cells having been demonstrated in the 
hepatic cells of the guinea pig and mouse and in the cells of the intestinal 
epithelium of the tick and bed bug 

Bacteriaemia is particularly prominent in laboratory animals the 
lethal dose of heart blood being as small aso 000 000 01 cc Thecoelomic 
fluid of infected ticks and bed bugs is usually rich m organisms 
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ticks I? tanabtlts D occiimlalu^lxeies R%cxnv%\zx C(i/j/i)r«jc«j,artsasd 
also to be able to act as \eclors Olin (1937) who has studied a serious 
outbreak in Sweden m which 137 cases occurred among the peasants ifIjo 
went bare footed in summer belie\es the infection was transmitted by 
mosquitoes He reports that 4 species of Aedes and one of Thohdhi 
would transmit the infection expenmentaU> to guinea pigs 

Utih snscepiibUtly occurs in man, monkey rabbit ground sqwrr /, 
guinea pig mouse woodchuck, opossum, grouse and jouag coyote slight 
susceptibility in the rat, cat, sheep, and goat The horse, cow, hog, dog 
fox, pigeon and chicken are not susceptible 

The disease in man depends on the presence of the infection in nild 
rodents, especially rabbits and is often known to be associated with the 
discovery of sick and dead rabbits in the vicinity The organism may 



enter through an abrasion of the sLm or through the conjimctnae or b> 
the bites of insects or animals Scratches abrasions, thorn punctures 
etc hav e been reported at the site of infection 

Infection is acquired espeaally from infected tissues or body fiuid« 
and may occur in connection with dressing or handling rabbits (wnica 
accounts for about 7^ per cent of reported cases) also of woodchucks, nt 
laboratory animals or with the crushing or handling of ticks or Sirs 
Reported infections from bites of insects comprise those of the ^t>rsefi> 
C dtscalfSf or of the wood lick D andersent and D vartaitJts, nhic 
have become infective from feeding on diseased rodents In ticks, to® 
organisms may be harbored for long periods within the body cells an 
coelomicfluid aswellasinthelumenofthegut Hereditary transmission 
has been demonstrated from infected ticks to their eggs larvae an 

^ Francis, (t937) cases cqiorted in the Ifnitcd States fctves the 

source 0/ the human infection as follows 
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varying amount The adjacent inguinal lymphatic glands are swollen 
and frequently there are haemorrhages in the region of the glands The 
glands are often softened and necrotic and upon section the tenter is 
yellow and caseous in appearance The spleen is greatly enlarged and 
congested and both it and the liver which is also congested contain very 
numerous necrotic foci winch vary from pm point to about i mm in 
diameter The lungs and also the kidneys frequently show haemorrhages 
Verv large numbers of a very minute round or rod shaped organism are 
found m microscopic preparations from the heart s blood and the liver 
spleen and swollen lymphatic glands These organisms stain with carbol 
fuchsin and anilm gentian violet and with Giemsa s solution Prolonged 
staining gives the best results They arc decolorized by Grams stain 
and are apparently not motile In stained preparations the organisms 



FiO 174 -^G ea pg ple« i show ng ■ uU (I ft) nd tub ute (right) I 1 I 
t Uf m a (Pr et) (Army Mrd »l M Hum N 403 5 ) 

are found lying msidc well defined round or oval clear unstained areas 
sometimes sev eral or a dozen or more organisms are found in such a clear 
space In sue the rod shaped organisms in the body vary from about 
o 3 to o 7n in length and o 2 to o m width 1 he round forms v ary 
from o 2)1 to o 5^ in diameter The sections show necrosis and poly 
morphonuclear infiltration m the vicinity of the site of the inoculation 
followed by an extensive proliferation of the vascular endothelium 

In the lymph nodes liver and spleen there are mifiary foa formed by 
accumulation of mononuclear cells followed by necrosis and infiltration 
with polynuclears In the liver there are in addition foa of necrosis 
without cell accumulations or capillary lesions These changes are 
constant and there may be lesions of much the same character in the 
adrenal the heart the lungs and the testicle After death B lularense 
15 present in great numbers There is a general infection of the blood 
v essel endothelium and the organisms may be found m v essels of any part 
of the body In addition the organisms pass from the endothelium into 
the cells of the liver which they gradually destroy and replace forming 
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io infect a rat or une ^ ^ 

sJ.m of the aniniai’'"1lo,f^ material is rubbed mto the shaven 

guinea pig «ouJd not differenhn^ «. i especiaJ/v in a 

a guinea pig is inoculated bv 5<>a»r *”^®*-*ioii ^niin pJague UTien 

scalpel and rubbing the scarified abdomen with a 

a tularense infected animal death ^ ^ small portion of the spleen of 

after the inoculation but the dac or fourth day 

after inoculation ^ death maj var> faetneen j to fi days 

At the autopsy there is indurai 

inoculation subcutaneous conirpQi.««*^ j thickening about the point of 
ngestion oedema and often haemorrhages of 


fragmentation polymorphonuclear infiltration and a base infiltrated 
with small lymphocytes The regional lymph glands show focal and 
diffuse necroses with leucocytes debns and nuclear fragments In the 
spleen bordered by normal pulp there are superficial and deep necrotic 
foci containing amorphous matenal nuclear fragments and a few leuco 
cytes Absence of Langerhans celL. was noted by both Goodpasture 
and Simpson The liver may show foa of necrosis of the hepatic cells at 
first the area is filled with large mononuclears when more advanced with 
many polymorphonudears and nuclear fragments The lungs may pre 
sent small necrotic foci or white plaques on the pleura focal necroses 
may be present or there may be bronchopneumoma of any degree even 
to the involvement of almost an entue lobe the alveolar walls are infil 
trated with oedematous caudate and large mononuclears and the aveolar 
contents consist of a few leucocytes and red blood cells and a small amount 
of fibrin 

In the subacute stage the lesions may become granulomatous in type 
and bear a strong resembhnee to tuberculosis There is central necrosis 
surrounded by a layer of radially arranged epithelioid cells and fibro 
blasts and a peripheral tone of lymphocytes with a few giant cells This 
applies to the primary ulcer the lymph glands (both regional and deep) 
Che subcutaneous nodules spleen liver lung and adrenals 

Tslat Vsifi (1940) h ireponedth tbeisoUudstrunsof tulmimia termedKamsa 
b«y and Ceylon stiams tiom a brook dune; the study of a tularaemu p dem c m Thrace 
m I9j7 and that he obtained a powerful endoto n f om cultures of these sCiaias The 
potency of the to n was shown from the reported eipenmenli in mice guinea pigs and 
rabbits but the lesions in guirea pigs either from the 1 jecuon of the to 1 or of the 
organ msthem elves were not de cribed Obviously great care should be taken in the 
ident hcation of organisms 1 oUted from water 

Sywpiouatolooy 

Incubation period —Two hundred and fifty mne cases following a 
single evposure have shown an incubation period of 24 hours to 10 days 
The period was twenty four hours in 6 per cent and to j days m 84 per 
cent The interval for the largest group (28 per cent) bydays wasydays 

The onset is sudden and prodromata have not been reported Usual 
symptoms are malaise headache vertigo chiUmess or definite chiUs 
general body aches and fever that may reach 103 or 104 F accompamed 
by emesis sweating and prostration 

The course of the constitutional symptoms is acute lasting 2 to 3 
weeks There may be irregular fever recurring chills sweats marked 
prostration weakness lo s of weight and possibly rhinitis or epistavis 
There is practically no apathy but stupor has been found in severe cases 
The only complete records of the fever are such as have occurred in labo 
ratory infections and they uniformly show a defimte remission or inter 
mission after the initial fever of i to 3 days This break lasts i to 3 days 
and IS accompamed by ameboration of the constitutional symptoms The 
fever then rises to the same height as at first the symptoms reappear and 
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large globular masses of baalh which arc easily demonstrable aod may 
be seen even with the objective aa as deeply staining areas They form 
the most striking histological feature of the disease (Fig 175) A simHar 
process takes place in the adrenal glands the cortical cells being chiefl) 
involved The glomeruli of the kidney are also infected and accutmila 
tions of mononuclear cells are found in them the lesion being not ualiie 
that of intracapillarj glomerular nephropathy in men Tie essential 
lesion is infection of the endothelial cells, general but more marked in tie 
vessels of certain organs Polymorphonuclear leucocytes play but a 
secondary role and very rarely contain bacilli The staining of bacilli 


Flu »75 — t>eet on erf li er m inf ct on with P i Itrtnsis 
in the tissues is difScult and prolonged staining with Giemsa s 
gives the best results ^^5 

In contrast with plague the guinea pig infected with tulaiaen^ 
not show the great number of the larger organisms of Past 
present in stained smears and sections of the spleen and lymph g a 
the plague guinea pig „„ t-ase 

In Man — Verbrycke (1934) reported upon the first fatal bum 
m which nodules were found in the lungs and spleen Goodpas 
House (1928} described the pathological histology 
and they and Simpson (1928) have given a detailed study of toe tr 

In the acute stage an initial ulcer may occur but Ohara 
bv human inoculation that infection nugfat occur without the ^ye p 
of such a lesion The ulcer presents a wagulation necrosis witn 




Rather frequent is an eruption vhicli is usually bilateral and not 
confined to any special portion of the skin It has appeared as early 
as the third daj and as late as the seventh week being transient or lasting 
as long as 2 months Inconstant m type it may be a blotchy erythema 
or be macular papular or even nodular and pustular and prurpunc 
changes have been noted It is usually painless and without pruritus but 
may be painful and inflammatory Termination may be accompanied 
by desquamation or pigmentation 



Vaneties — Ftanas recognizes certam varieties of tularaemia the onset 
and course being in general the same in all 

Ulctroglaniular tularaemia 15 that which has already been described 
It comprises about 84 per cent of cases The primary lesion is a papule 
of the skin which later on becomes an ulcer and is accompanied by charge 
ment of the regional lymph glands This type also includes cases of the 
pulmonary and »nen»n|eoi forms nearly all of which present evidence of 
infection through the skm 

Ociilo glandular tularaemia comprises about 6 per cent of cases the 
primary lesion being of the conjunctiva and the regional lymphademtis 
being of the head and neck or possibly if severe of the asiUa It may 
be unilateral or bilateral and presents severe conjunctivitis with chemosis 
together with oedema of the lids and surrounding tissues There is usually 
a papule on the lower hd and soon small discrete ulcers appear on the 
conjunctiva of both lids Purulent daciyo cystisis and corneal perfora 
tions have occurred but the sinuses are unaffected It tends to be severe 
and occasionally fulminating cases appear with death as early as the 
siith day and presenting convulsions stupor and dehnum Herrens 
chnaud (iQ3sl reports that Pannauds conjunctivitis first described in 
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the termination is b> lysis The pulse is rather rapid and the blood 
pressure is uninfluenced The spleen is not palpable 

There is often an initial local ulceration and within 48 hours of the 
onset a tender painful lymphadenitis with reddened overlying skin is 
noticed m the glands draining the site of infection In about half of thr 
cases, these glands remain hard and tender for 2 to 3 months, and then 
slowly resolve In the other half, they suppurate and may rupture 
through the sLm after the acute inflammation has subsided, cien after i 
years Glands other than regional ones are occasionally involved 
About 34 hours after the discovery of the lymphadenitis a painful 
inflamed papule is often evident at the site of infection, which is usually on 
exposed parts and there may be strcalkS of ly mphangitis Necrosis occurs 
and when the core is liberated there remains a dry dark punched out 
ulcer about TO millimeters m diameter This heals slowly, and leaves a 
scar 



Fjg 17(5 — Cut i cHon of human apl«en (bowing nodules beneath capsule »n3 
pa enchytna thi teen days after onset (Fran la and Callenii r) (Annv MeO 
Museum No 45isj ) 


The blood shows a moderate (even to 16 ooo) leucocytosis No 
agglutinins are present dunng the first week they appear during t e 
second week and there is an abrupt nse m titer during the third wee 
reaching its tnaximum (possibly i 12S0 or i -*560) before the eighth wee 
when the fall begins a gradual decrease about x 140 is reached at the en 
of the first year but specific a^utmation persists for years (even for as 
long as 19) Simpson (1928) by means of history and agglutination tes s 
demonstrated that tularaemia had perhaps existed unrecognized as sue 
m Ohio for twenty years 

Subcutaneous nodules resembUng sporotrichosis frequently app 
(at times, in crops) on the antenor or posterior aspects of the 
arm and along the 1 > mphatics between the ulcer and the regional glan s 
They are firm movable tender, four to ten millimeters or more m 
eter, i to 30 nt number and the skin over them may be reddened Suf^ 
puration may occur actompamed rarely by purplish o\ erlymg skin an 
they may persist as long as 7 weeks 
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Sequelae are rare Loss of vision has occurred from corneal perfora 
tion and prolapse of the ins in oculoglandulai tularaemia 

Foshay found in his analysis of 518 cases that the most frequent 
comphcation was suppuration of the buboes which occurred in more 
than half of all cases In 600 cases treated with serum pregnancy was a 
comphcation m 7 patients S« women acquired the disease during 
pregnancj but there were no untoward occurrences and all 6 were deliv 
ered of full term healthy infants Albummuria was commonly observed 
during the febrile imtial acute phase but only 2 patients showed evi 
dences of kidney changes revealed by the unne beyond the initial albumi 
nuria One with normal unne at the onset developed heavy albuminuria 
without casts or cells in the third week of illness and died on the 36th 
da> The other showed unnary signs and acute nephritis during the 
third week but recovered Meningitis ociurred m 2 patients In each 
It appeared as a late mamfestatioo of a terminal septicaemic phase 
Pleurisy occurred in s® patients and effusions were present in 18 A 
pneumonic consolidation was found m 107 patients 

Prognosis — ^The disease has a mortahty of about 4 per cent Death 
has been reported m 24 of 650 collected cases and Foshay reports a 
mortality of 25 in 600 cases treated with immune serum During the 
acute stage death has occurred during the typhoidal state from septi 
caemia and from broncho pneumonia general pentomtis diarrhoea and 
intestinal haemorrhages Two cases terminated 3 and $ months after 
the onset with albummuna and coma Of 6174 cases occurnng in the 
United States 299 or 48 p^r cent have died Francis (1937) points 
out that of 100 cases manifesting pulmonary complications 40 died — 31 
within the first month 8 m the second month and i in the ninth month 
Of the 40 deaths 24 presented the signs of bronchopneumonia 7 lobar 
pneumoma i interstitial pneumonia 3 showed discrete multiple nodules 
in the lungs and 1 multiple pulmonary infarctions Of 60 patients 
who recovered from pulmonary compUcations 16 required aspiration of 
pleural fluid at periods ranging from 2 we<»ks to sH months From the 
che t fluid of 4 patients BacUriutn (ufoi'ense was isolated during life 
3 to s months after onset Memngeal localization is usually fatal 
Death resulted in 12 of 20 cases in which infection occurred by ingestion 
of the organism Extensive skin ulcerations in Blackford s case yielded 
B Uilarense $ months after onset 

Convalescence is slow usually requinng about 4 months but a year 
may pass before the patient feels well again IVeakness and dyspnoea 
on exertion are marked and the disease may be most incapacitating 
There may occa lonally be mild letutns of fever 

Ledingham and Fraser mention the occurrence of 3 human cases of 
tularaemia occurnng in members of the staff of the Li ter Institute who 
were carrying on investigations and maintaimng the virus of tularaemia in 
animals In 2 there was a evere degree of general weakness recurring 
mild attacks and an extremely slow convalescence prolonged for over a 
year dunng which there was at least partial disability for work 
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SYMPTOifATOlOCY 


Pans, IS a form of oculo glandular tularaemia It is charactemed bj a 
granular condition of the Jids with chemosis of the conjunctiva, icflaama 
tion and enlargement of the preauncular 1^ mpbatic glands B lulomse 
was apparently isolated from two cases 

Glandular tularema comprises about 4 per cent of cas^s and sliows 
regional lymphadenitis hut fads a lesion at the site of infection 

Typhotdal liilaraenna comprises about 5 per cent of cases, and both 
pfimarj lesion and lymphadenitis are absent Instead there is a 



Pic 178 — Ulcer ol finger n neteen da>» */ter onset in ■ m rket man who 
rabbits (B own and Hunter ) 


systemic infection in which fever and prostration ace the outstanding 
symptoms . . 

[ngeslton Tularatmia — In this form the di ea e is contracteo 1 
eating the flesh of an infected animal insufEciently cooked 

Sequelae and Complications — ^Tularaemic septn-aemia has hte 
regarded as the most serious complication Other complications no 
especially have been acne of the back severe herpes pleurisy broncho 0 
lobar pneumonia, jaundice meningitis and appendicitis Three 
with the ulceroglandular type developed alarming meningeal , 

and died Two cases developed asates and Past lularensts was isola 
from the fluid 
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The cross agglutination between the irnTmine sera ol tularaemia and 
undulant fever and their causative organisms must be emphasized 
Francis and Evans have pointed out that there is an antigenic relationship 
between P lularensis and Brucella abortus and mehlensis and that some 
tularaemia sera contain group a^utuuns foe the latter organisms Such 
tularaemia sera may agglutinate P tularaensis more quickly and to a 
higher titer than they agglutinate the Brucella A marked difference in 
titer of a patient s serum for Past lularensis or for the mehlensis abortus 
group reveals the diagnosis to be that of the higher titer Practically 







Pic 79 —i P lul m sh m ult j Cult iP t t s nyta 8 S 

il ys a d 3 T n day alt n ul t n f med 

equivalent titers necessitate agglutimn absorption tests The test must 
be performed with great care and always with controls of normal serum as 
Past lulareitse just as Btucetta tneftleKsts may show a curious tendency to 
spontaneous agglutination with other antigens 

In performing agglutination tests the heating of the immune serum 
to S5 C for 30 imnutcs is immatenal It is satisfactorily preserved with 
an equal part of pure neutral glycenn which also clears the serum or 
with o I per cent ttikresol The rabbit has been the animal particularly 
used for the development of an antiserum though Fo hay has emplojed 
the goat and the horse 

la the National lostitute of Health the antigen is prepa ed by washing off a 48 hour 
growth on blood glucose cystine ag r with a sm U amount of saline containing 0 3 to 
0 5 p r cent formalin The suspe sum is tbea thrown down in the centrifuge a d the 
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Foslja> in the anaJjsis ol 518 uaseieetcd cases found the t}pboidjI 
clinical type had the worst prognosis He notes that the duration of 
the disease \aned from a week to 15 months m most cases lasting about 
4 months Excessive suppuration of lymph notes was the most frequent 
cause of protracted illness Convalescence is usually slow It is rare 
for a patient to be at work again at the end of a month, and during the 
third month usually only half time work is performed 

Immumly is lasting in man and may be connected with the long 
persistence of agglutinins There is no record of a second attack A 
local reinfection may occur, however as m the case of Francis himself 
Two years after a typical attack he noted a papule on his finger and epi 
trochlear and axillary lymphadenitis, but without constitutional symp- 
toms A guinea pig was loocvhtfd from the papule and it succumbed 
with typical lesions of tularaemia The cTperience of Francis has keen 
that virulent laboratory infections of guinea pigs, rabbits and white 
mice are uniformly fatal, with the single exception 0/ i rabbit, which 
survived a severe acute attack days after the onset it was inoculated 
with a million fatal doses of a virulent culture and remained well for 
3z months 


DfACNOSlS 

When inguinal lymphadenitis is present there may be confusion chni 
call} between venereal bubo dimatic bubo pyogenic infection or plague 
Six cases of tularaemic inguinal lymphadenitis following tick bite hay 
oceureed Taateenack (tgsg) who reports » cases shows that chnic^y 
the disease in them might have been confused with other types of bubo 

The diagnosis also may be rendered difScuJt by the lack of faraihantj 
with the disease If tularaemia be borne in mind the combination 0* 
features is usually characteristic viz (i) a history of having dressed 
or dissected a wild rabbit the bile of a tick or fly, or the handling ol such 
insects (3) the pnmary skin or conjunctival lesion (j) the regional 
lymphadenitis, and (4) the fever of 2103 weeks duration with its sinking 
curve may be suggestive The isolation of the organism either by cultye 
or the inoculation of the guinea pig affords positive proof and the agglu 
tination test may be of great value Francis states there is a complete 
absence of agglutinins in the blood during the first week of illness bu 
that specific agglutinins for Bacterium tularense are always present a 
some time in the second week 

Agglutination tests are relied upon chiefly for diagnosis after the firs 
week Foshay (1940) reports agglutinins may not appear until t 
3rd week or rarely until the 4th week A titer of 1-80 or over la con 
sidered diagnostic, particularly if the titer rises as the disease progres es 
Titers as high as 1-5000 have occurred, and a positive agglutination 
persist for months or even years after recovery Foshay slates t a 
once agglutinins have been acquired as a result of infection they by* 
out yet been found to disappear completely thereafter even 11 tes « 
for as long as 33 years after recovery 
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m sire from pm point to about one naUmaeter m diameter The lungs 
and also tbe kidne) s frequently sboi* baemorrliages In oilier words the 
gross pathological lesions resemble so closely those of infection with 
Daciihis peshs that the two iidecttom cannot be told apait -with the naked 
eye However the pathological htstedogy and the results of the bacteno 
logical eocamjnations are trtw^y difierent in infecUoM wiUi S^cltnum 
lulareme and Baciflni peslis Thus in tulataemia infection very large 
tniiubers of a te?y winute round or rod diaped organism aw found in 
tmcroscopicaJ preparations from the hearts blood and the hver spleen 
and swoUen lymphatic glands Rarely a few bactdaty larger forms are 
seen 'ITiese organisms stain well with carboUuchsin crjstal violet and 
Giemsa s solution They ate decolonied by Gram s stain 

Cultures made from the heart s blood the spleen and liver of guinea 
pigs on plain agar will m the case of Becierium luhrense infection reveal 
DO growth Cultures however made upon tubes of coagulated egg yolk 
or of cystine agar will revea» after 3 or 4 days in the incubator at 3? C 
miniite colonies which at first can only be seen by a hand lens but which 
may eventually attain a diameter of i to » millimeters They appear 
moist translucent and drop like 10 character hficroseopical examins 
tioo will reveal very minute round or rod shaped organisms For the 
bactenological diagnosis of BectUttt petUt infection in the guinea pig see 
P dfiS 

The pathological histology ol the tularaemia infection ss also distinctive 
in the guinea pig as point^ out by Councilman and the writer 

Spleens will tttain virulent organisms for at least a month d preserved 
in glycenn in the refrigerator but m liver they may die out 

Prophylaxis and TREAtusNT 

Prophylasss -“Wild tick ov dead rabbits should be handled with 
extreme caution In view of the great liability to infection rubber 
^Q\es should be used by laboratory wotkere tnarketnieii hunters cooks 
etc. when dressing or handiiog the carcasses of possibly infected animals 
Thorough cooking destroys the lufcction thus rendering the flesh of the 
rabbit harmless Precautions m connection with coming into contact 
with the insect vectors are abo iniporlant 

The danger of infection of laboratory workers should be emphasiaed 
Francis has noted 39 laboratory infections m man all of the typhoid 
type which have occurred m rr Jabontories in persons who performed 
autopsies on infected guinea jugs rabbits or white mice Diagnostic 
and other studies involving virifleBt organisms and the inoculation of 
animals should be well segregated and only earned out m laboratories 
where the personnel have been cardudy trained m working with dangerous 
diseases Rubber gloves should be worn and animals handled almost 
enucely " ith sterilised forceps and other instrumtJiJs whiidi should be 
frequently stenhred in the gas flame The carcasses of animals and 
infected materials should be bura«i and aU other laboratory maltrials 
uirefuUy sterilized both before and after the operation 
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bactetul stimtat is Ukta up in ukm contsuuag o 3 per ctnt fotmaliB Thiscaacfa 
tatedstQckauspeasioaudiluledtttlietiiHeofusemthsalioe Thissuspeowamsrbe 
obtained from the National Institute of Health at Washington D C Nob nrulefit 
cultures are suitable for groning antigen 

littraderaial Test — Fosha.j has emplojed inttacutaneous injections 
of a espcaally prepared B lutarense suspension, usuaU> about 005 cc 
Such an injection in the case of tulantemia is said to produce a sbn weal 
S millimeters in diameter He stales that falsely positn e reactions lia\e 
not been observed However of course control tests should be cniplo>ed 
and these may be made with o 05 cc of ph>sialogtcal salt solution con 
taming o per cent phenol A positive reaction tti uadulant /ever has 
the appearance of 3 positive tuberculin test and hke the latter 
requires 48 hours for its development He also employed an antiserum 
test injecting specific immune serum mtradermallj as a means of ding 
nosis However, he djes not recommend this /or general diagnostic 
use since Fnedewald and Hunt (1939) have not reported favorable 
experience mth this test as a diagnostic aid 

Isoiaitoft of the Organism —Past lularensts has not been suceessfuUj 
demonstrated in stamerl smear or section of pathological material froo 
man so this method of diagnosis is not regarded as valuable in human 
infection Tbe organism has been isolated from the blood or glands early 
in the disease m a few instances but usuallj the results of cultivation 
ate negative Simpson howevee reported having secured cultures 
directly from a man However the usual method of isolation of the 
organism from man has been by animal inoculation 

Guinea pigs rabbits or white mice may be inoculated with patho 
logical material from any lesion (usually an ulcer, lymph glands bloot^ 
spleen or liver) Positive results from blood have been secured as eatb 
as the third daj The pus from glands is usually negative after the first 
month In the presence of pulmonary symptoms sputum may be used 
The material may he prepared by grinding in a mortar, suspension 
in physiological saline and straining through coarse gaure Blood is 
defibnnated and mived vith an equal volume of physiological sahne 
Four to 8 cc of the blood dilution may be injected intraperitoneally 
into a guinea pig The susjjension of other material may be injected 
subcutaneously over the abdomen 

The inoculation of a guinea pig is the most reliable means of diagnosis 
Guinea pigs generally die after cutaneous or subcutaneous inoculation 
with Bacterium Marense within a week death usually occurring on the 
thud or fourth day after inoculatioti At the autopsy there is induration 
and thickening about the point of inoculation, subcutaneous congestion 
oedema and often haemorrhages of varying amount The adjacent 
inguinal lymphatic glands are swi^lea and frequently there are baenwr 
rhages m the region of the glands 'Hie glands ar<* often softened and 
necrotic and upon section tbe center is yellow and caseous in appearance 
The spleen is greatly enlarged and congested and both it and the hv« 
which IS also congested contain •very nmserous necrotic foci which vary 
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of magnesium sulphate Incision of the glands is inadvisable except in 
the late stages when they are bable to rupture Then when an absce s 
has formed incision and drainage is advisable The incision of nodes is 
not recommended For the lesions of the eyes Vail has employed silvtr 
preparations and found them notably beneficial A treatment that is 
frequently satisfactory consists of continuous hot apphcations of half 
saturated aqueous magnesium sulphate and frequent lavage of the con 
junctivae with warm boric saline solution 
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TREATUENT 


Trcabnent is at present largely symptomatic Rest in bed is lapor 
tant and seems materially to lessen the se\enty of the disease ^o effec 
live drug has been discovered Curtis (1939) has reported one case 
successfully treated with sulfanilamide, and Powers {1959) another case 
successfull> treated with sulfanilamide and immune serum Convales- 
cent serum has not proved of value 

Foshay has prepared an immune serum from goats and a horse by a 
prolonged senes of subcutaneous inoculations with formaldehyde killed 
suspension of a virulent strain of ^ tularense During the past two years 
he has also used horse serum in the lyophile form, dehydrated from the 
rapidly frozen state An advantageous concentration of the serum was 
effected by simply restoring one half the water that had been previously 
removed 

The JIulford Biological Laboratories also supplies antjtularaense horse 
serum in both the liquid and lyophile forms The usual method of 
administration has been by the intravenous route but many patients 
were given it by intramuscular injection and most children were treated 
by subcutaneous injections The average dose for an adult with the 
disease is jo cc The scrum dosage for children below jo years is that 
for adults and from ro-14 years that of the adult dose If pneumonia 
IS disclosed anadditionalyocc oftfiesenimtothcpnmarydoseshouldbe 
given at once it is stated, and whenever pneumonia is discovered the 
initial dose should be fio cc administered m 30 cc doses, 24 hours apart 
If marked improvement is not apparent 10 72 hours, an additional 30 cc 
IS indicated Sit hundred patients were treated with serum Si of 
cases were observed by himself rot by other physicians in theCincumab 
region and 391 in other parts of the country He compared the rccoro 
in these treated cases with those of 581 untreated cases Serum sickness 
occurred iti 309 patients orsispercent In most instances theseverit) 
was mild to moderate but 07 patients (r6 per cent) suffered severely 
An exanthem was noted m 120 patients, an inadencc of 20 per cent 
For the very severe forms of scrum sickness he has employ edhistaimne 
successfully in treatment Horse serum has proved more toxic than 
goat serum Twenty five of the treated cases died In 6 of the 
Che deaths were ascribed to heart failure Jn 6 cases death occurred m 
patients who had no signs or s> mptoms of septicaemia at the time the senun 
was administered Foshay states that it seems certain to all of the chw 
Clans who saw these patients that the deaths were caused by tularaenw 
and were therefore chargeable to failure of the treatment However be 
also states that septicaemia did not occur after serum administration m 
any patient who had received the optimal amount of serum 

Ooshng (1939) has reported one ease of the oculoglandular form sue 
cessfully treated with 20 cc of this serum in 2 doses of 15 cc There 
was a cutaneous reaction following its injection and later the patien 


developed serum sickness on the fifth day . 

Local Trealment — For the rehef of pain of the buboes Foshay believ 
most satisfactory a warm wet dressing saturated with an aqueous solution 
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and the Celebes have been reported The Malay States Ceylon and 
Netherlands India are the only countnes where the infection is known 
to attack animals Guinea pigs rabbits rats cats and dogs are suscep 
tible In Colombo a cow was found to be naturally infected In 1927 
the first case was reported in a horse This animal apparently had been 
regarded as refractory It lived for 18 months after the organism had 
been isolated When the horse was destroyed the organism was not 
isolated from its viscera and it seemed to ha\e recovered from the infec 
tion Nevertheless Boselli (*930) has reported the transmission of the 
human orgamsm to the ass and the horse 

EiiOLOGV ANt> Epideikoloov 

Etiology — The causative organism ActimbaciJlus pseudomalki {Baal 
lusuhitmon) ismotile itsmotihtyvaryingfromaslow serpentine motibty 
to quite an active one There seem to be 2 strains one of which grown 
on glycerine agar gives a wrinkled growth m 2 days and by the end of the 
w eek it IS rugose and heaped up bke an old growth of the tubercle baallus 
Another type produces a shmy mucoid growth on glycerine agar and on 
potato the oultute » sinulai to that described foi the glanders bacillus 
It liquefies gelatine and curdles nulL It produces no gas m carbohydrate 
media Like Aetinobanllus {Pfetferella) maliei {B tnoUet) it is gram 
negative and non acid fast It grows rapidly and luxuriantly on the 
usual culture media both aerobically and anaerobically but better aero 
bically On the whole in culture medium it resembles A mallet but it 
is more actively motile and bquifies gelatin more rapidly Brown Dun 
can and Henry believe that the growth in a peptonized medium containing 
I per cent sodium fumarate is of value for diSerentiation In difierent 
media both organisms show at tunes sttiking polymorphism and mvolu 
tion forms W ith Giemsa s sum it may sometimes giv e bipolar staining 
and m material from a septicaemic case one might think of plague infection 
However the culture will serve to differentiate the organism from the 
plague bacillus 

Stanton compared the BactUus fieudomaUet with several strains of 
organisms from cases of glanders and found it agreed immunologicaUy 
with certain of the strains but did not give a^lutination or complement 
fixation reations with others It is suggested that A pseudowallei is one 
of a group or a strain hitherto regarded as the baallus of glanders Stan 
ton and Fletcher give the table of defimtion as shown on page 735 

A pseudomallet is readily transferred to the guinea pig rabbit rat 
and monkey either by skin scanfication subcutaneous inoculation feed 
ing experiments or by nasal spray It is usually more virulent for guinea 
pigs than i mallet 

The Strauss reaction the production of orchitis through inoculation 
of a culture intraperitoneally is similar to that noted for glanders pro 
vided the culture is not so virulent as to kill the animal within 24 hours 
If a guinea pig in infected by feeding or applying the culture to the nasal 
mucosa it lives about 2 weeks and shows ulcerating lesions of the nose 
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MELIOIDOSIS 


DEFINITIOM A'fD SviJONYsrS 

Synonyms — Stanton’s disease glanders like disease of Rangoon 
Definition — Melioidosis is an infectious disease closely related to 
glanders clmicallj, etiologically and pathologicall> It is easily com 
municated to all ordinary laboratory animals but generally the horse 
appears not to be susceptible The causative organism is Aclinoiacilhs 
pseudomaltei {Bacillus ululmort) It appears to be a natural disease of 
rats and its transmission m rats and man is apparentlj by mgesticm 

History and GEOCRAniicAL Disirdution 
Histoiy — IVhitmore (1911) first noted the infection at autopsies of 
beggars in Rangoon and pointed out that the causative organism showed 
differences from that of glanders Stanton and Fletcher (19*3) encount 
ered the same organism in an outbreak among guinea pigs and rabbits 
and later iQ rats cats and dogs at the Kuala Lumpur laboratories of the 
Federated Malay States and m 1917 Stanton saw human cases of the 
disease in Kuala Lumpur where he isolated and identified the orgamsm 
and succeeded in reproducing the disease in animals both b> feeding and 
b> inoculation The name melioidosis (or more correctl> mebdoidosis) 
was suggested by Stanton and Fletcher in order to suggest the close 
relationship to glanders . 

Geographical Distribution — No cases were recognized outside 0 
Burma and Malaya until 1927 when Pons and Advier recorded cases m 
Indo China Two years later Denny and Nichols reported a case m a 
European in Ceylon and Mesnard and Jojeux another European ca« 1° 
Tonkmg Stanton and Fletcher (1932) were able to find a record 0 
83 human cases 38 in Burma in 1911-12, many of whom were morphine 
injectors, 39 m Malaja between 1917-29 5 m French Indo China from 
19^5 30 Ce>lon in 1927 Fortj one were Indians 23 Buirre c 

12 Chinese 6 Europeans and i Annamite 

An increase in the number of cases reported in recent jears is snow 
by the fact that betv\een 1912 when the first report was made and 192 1 
there had only been noted 50 cases whereas in the next 7 jears this fignTe 
was nearly doubled Bj 1933 95 had been notified chiefly cases occni 
ring especiall> in Indo China and the Netherlands Indies 7 cases bei g 
reported in the Netherlands from 1930 to 1933 One case was a so 
reported in Siam ^\l^h the exception of 3 cases in women and i ima 
all were male adults Since 1933 a few more cases m Saigon wm 
73* 
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an infection in a rat examined for [dague notwithstanding the widespread 
knowledge of melioidosis infectirai There is no instance m the recorded 
cases of transfer of the infection to another case hence segregation does not 


Character 

Ff malkl 

Pf whitmon 

Morphology 

Rod 1 S~3M long 

Rod i- 2 >i long 


Gram negative 

Gram negative 

Motility 

Non motile 

hlotile 

Conditions of g owth 

Aerobic 

Aerobic 

Broth 

No pelhcle no odour 

Pelhcle forms falls to the bot 
tom aromatic odor 

\gar slope 

0 1} pigmented 

lOily metallic wnnll d pig 
men ted 

Peptone 

No indot production 

No indol 

Gelatin 

Not 1 quefied 

Early hquefaction 

bite of egg 

Not digested 

Rapidly digested 

Mlk 

Clot in lo d ys 

Clot mad ys 


Glared yeUow brown viscid 

Similar but more creamy yel 


Utet chocolate 

low but later chocolate may 
become wnnkled 

Pathoge leity 

Weak lor rodents high fo 

WeakforEqu dae hgbforman 

Equid e and m n 

and rodents By experimental 
inoculation rodents are seen to 
be very susceptibl by inges 
tion by cutaneous inoeulatio 
or V a the mucosae ocular 
nasal buccal vaginal The 
cat can be infected via the 
digestive tract and the disease 
IS u ually subacute in the 
monkey the course is more 
chronic Stantonshowedthat 
sheep and goat were infectible 
p gs were very refractory and 
the ass and horse but hule 
susceptible Birds were also 
refractory 

CuU reacti n 

Positi e ID glandered horses 

Positive to mallcin m mel oido 


ra ly positive to whitmon 

sis pat ents horse with rael o 


in glandered pat ents 

d SIS oegati e t mallem 

Straus s react on 

Positi e 

Positive 

Complement fiTaUan 

Fos t e with one type (Muk 
tessar) which is dosely alhed 
to P( wfutmor 

Posit V 


seem to be called for A number of morphine injectors ha\ e been found 
with melioidosis but Stanton Uunks t^s a coincidence ilouever if 
the virus was introduced b> the wound of the synnge needle a type of 
infection similar to that seen in ammaU when inoculated subcutaneously 
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caseous deposits in the lungs, and enlarged tracheal glands It quickly 
succumbs to a septicaemia (34 hours) if parenteral methods are used The 
organisms is excreted m the unnc and faeces of infected laboratory atutnals 
Epidemiology — Although melundiKK is a glanders hie disease in 
human beings, it is noteworthy that horses are not associated n th its 
ongm As pointed out the first case of melioidosis in a horse v?as reported 
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in 192/ The bacillus was isolated from pus from its nose and the ho'se s 
serum agglutinated A fseuJomatiei m a dilution of r Sooo This horse 
ms imported into the Malay States from Australia Mehoidosis seems 
to be a natural disease of rats and to he transmitted to man b> the inges 
tion of food contaminated with their unne or sputum Although rats 
are supposed to be the reserv oir of virus there has been no report of suca 
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an infection in a rat examined for phgue notwithstanding the widespread 
knowledge of melioidosis infection There is no instance in the recorded 
cases of transfer of the infection to another case hence segregation does not 


Character 

Pf maHei 

Pf whitmon 

Morphology 

Rod 1 S-3i« long 

Rod i-ift long 

Stamisg 

Gram negative 

Gram negative 

Motility 

Non motile 

Ifotile 

CoDdilionsof g o^th 

Aerobic 

Aerobic 

Broth 

No pellicle no odour 

Pellide forms falls to the hot 
tom aromatic odor 

\gar ilope 

Oily pigmented 

Oily metallic wnnUed p g 
menltd 

Peptone 

No indol production 

No indol 

Gelatin 

Not ! q efied 

Early liquefaction 

Wh te of egg 

Not digested 

Rapdiy digested 

Milk 

Clot in 10 days 

Clot m 4 days 

P t to 

Glared yeHowbown viKid 

Sialar but more creamy >el 


later Aotolate 

low but later cbocolalt may 
become wrinkled 

Pathogenic ty 

Weak for rodents high for 

Weak for Equidae hgbforman 


Equ dae od n> o 

sad rodents By experimental 
inoculation rodents are seen to 
be very susceptible by inges 
ties by tutaneousmoeuUuo 

Of via the mucosae ocular 
nasal buccal vaginal Tne 
cat can be infected via the 
d gest e tract and the disease 
IS usually subacute in the 
monkey the touise n mote 
chrome Stanton showed that 
^eep and goat were infectible 
pigs were very efractory a d 
the ass and horse but little 
suscept bl Birds were also 
letrectoty 

Cuti react on 

Fos ti e >D glande ed horses 

Positive to mallem in m Iioido- 


a ely positive to whitmon 

sispate ts horse with mel i 


in gUndeted pat ents 

dos 3 negaUve to mallein 

Stra s s reaction 

Positive 

PosiU e 

Complement fixation 

Fositi e with one type (Mnk 
tess c) wbKb u cl sdy all ed 
to Pf whitmon 

P stive 


seem to be called for A number of moiphme injectors have been found 
with melioidosis but Stanton thinks this a coincidence However if 
the virus was introduced bj the wound of the syringe needle a type of 
infection similar to that seen in ammah when inoculated subcutaneously 
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would probably result in man In one European case, there was a histo;}' 
of h\ ing in a house infected with rats Contaminated food is the probable 
source of human infection and the organism has been isolated in one case 
in man from the intestinal contents 



Patiiolocy 

Cutaneous %esicles pustules or abscesses of the skin or sinuses resem 

bling glanders lesions have been reported espcciall> in these who have been 
addicted to injecting morphine In a number of instances lesions hs'e 
been found m the lungs The lesions are said to start as tubercle like 
foci but to be less numerous and more scattered than miliary tubercles 



These nodules are made up of pus cells surrounded by a zone of congestio 
and when large enough to be visible they break, down into abscesses con 
taming caseous material The nodules or abscesses nevt to the lungs a 
most common in the spleen and liver but have been found in every 



except the brain Naturally infected rats may show a massive caseation 
ol the lungs 

The subcutaneous injection and haemorrhagic enlargement of cerv ical 
and axilEaty glands which are sometimes evident may at first suggest 
plague infection in the rat but the leaons of the lungs are different 

The organism has been isolated from the blood ucine sputum and 
Quid from cutaneous vesicles and other icsions of the disease 

SysmcuiATOLoct 

Melioidosis IS said to someitmcs simulate other common senous 
infections In fulminating cases with \oimting diarrhoea and collapse 
cholera has been suggested and such cases may be dead m 2 or 3 days 
^\h«e early death does not occur a reaction may set in about the thud 
day followed by a septic temperature course In less virulent cases 
there is no initial collapse and the temperature may he high from the 
Stan and the patient quickly assumes a typhoid state In qo per cent 
of the cases of one senes lung mvoUement became manifest and come 
of the patients were thought to hate lobar pneumonia Nodules in the 
liver or kidney may suppurate »nd suggest pyaemic or amoebic infection 
of the lever Wliece patients last into the second week pustular erup 
tions of the skin or more deeply seated subcutaneous abscesses may 
develop and later on bone abscesses and discharging sinuses have been 
report^ 

In 1927 a septicaeraic case was reported in Saigon in which the organ 
ism was found to be more virulent than any of the strains hitherto isolated 
In a case reported from Ceylon the patient showed symptoms of pleurisy 
with a septic type of temperature A blood culture gave a thick pellicle 
growth which was thought to be a contamination Just before the 
patient s death pus v/as withdrawn from the pleural cavity from which a 
culture of A pstuJomaUtt was obtained 

PEOCKOSIS 

In one senes of 50 cases all but 2 were fatal One recovered after a 
long illness and the other was still alive alter s years but continued to 
suffer with chronic discba^ing sinuses Souchard and Ragjot (1933) have 
also reported 2 cases which recovered after long illnesses of sH to 5 or 
6 months Sfanson Bahr slates that roost patients with the acute 
disease die within to days of the onset 

DiACSOSIS 

The fulminating cases have sometimes suggested the diagnosis of 
cholera or plague Those surviving mto the second week may simulate 
malaria typhoid or miliary tuberculosis Tertiary syphilis and possibly 
glanders may perhaps be suggested an the pustular cases localized 
lesions of lungs liver or kidneys may give rise to symptoms of pyaemic 
infections In -new of these facts thebactciiological diagnosis is the only 
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It and reproduced the infection by inoculations in monkeys In 1889 he 
published a full account of the clinical symptoms and two jears later 
cultivated the organism from the blood aspirated from the spleen during 
life In 1893 he suggested the name of Mtcrococcus mehlensts for it 

In 1897 Hughes suggested that the disease be called ‘ undulant fever ’ 
During the same year, Wright and Semple made the important observation 
that the affection could be diagnosed by the agglutination of the micro 
organism with the blood serum of patients suffering from the maladj 

In 1904 the Mediterranean Fever Commission appointed by the Bntish Govern 
ment with Kennedy Zammit and Horrocks as members earned on extensive studies 
of the affection during the yeara 1904-1907 m htalta They demonstrated that the 
Mtcroceccus leaves the body mainly in the unne and is then capable of existing for 1 
long period outside the body They also showed that the milk of many goats aggluti 
nated Mierecoceus mtliUnut and isolated the germ from both the milk and the blood 
of such animals Many of the goats so infected did not appear to suffer particularly 
but in a few in the later stages the goats were noticed to have an unusual degree of 
lassitude and to he off their food In some a short haekingcoughwasnoticedand 
they appeared to steadily lose fiesh the coat also becoming tbm Zaomit (>9^9) 
pointed out that the organism might lodge m the udder spleen and lympb nodes gwi^ng 
rise to an interstitial mastitis and splenic adenitis The eonclusioo was reached that 
It was by the ingestion of such infected milk m Malta that the di ease was commwy 
conveyed to man Ptophylacttc measures based upon these discoveries brought about 
in a few years almost complete disappearance of the malady tn Malta 

Interest m the disease in the United States was first aroused by the 
reports of cases of infection occurring among our soldiers after the Spanish 
American War Cot and Musset and Sailer reported upon a single case 
in Puerto Rico in 1899 in which the diagnosis was made by the agglutma 
tion test 

In igoo the writer first reported upon several cases occurring m our 
soldiers in the Philippine Islands In the first case which resulted fatally 
Aficrococcus ntelitensts was isolated from the spleen Curry, m 19°* 
reported upon other cases in our soldiers m the Philippine Islands and 
in men who had returned to the United States from there Craig m 
1905 also observed cases in San Francisco among soldiers returning fm® 
service in the Philippine Islands In addition he reported upon the 
occurrence m Washington D C of the first case of the disease to origma e 
in this country 

Craig wrote that he was com weed that a careful study of the agglutination 
with Micrococcus mcliltnsis of many of the cases of obscure continued fever whiM a ^ 
prevalent in this country would result in the demonstration that Malta fever is by 
means a rare disease in the warmer portions of the United States and that many ol 
so-called anomalous cases of typhoid fever are m reality instances of infection with 
organism of Malta fever 

Cases of undulant fever were next reported tn this country from Texas “>1 j 
and Terenbaugh in 1911 and from Arizona by Yount and Looney m 1913 ahe 0 
break in Phoenix Arizona m 1922 again e^iecially attracted attention to the inlec 
in the United States 

Another item of interest in the history of nndulant fever was the report 01 xv g 
and Rfnaud in 1912 upon theoccurrenccof a variant of Micraciiaur melilensisongioi ) 
solated m ^^aIta which they proposed to call Mtcrococcus paramehtcnsis This orga 
sm differed in Us agglutination reactions from the typical Micrococcus melitensis strai 
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Bassett Snuth Bruce and later others described cases of this paramelitensis fever in 
which the blood serum of the patient aeglatmated this organism but not the typical 
Uicroccccus mcl lensts Nevertheless the clinical features of the disease were the same 
as m ordinary undulant fever S^joumat in e amuuag 490 goats most of which had 
b en imported from Spam found »o mfeeted 9 with iluroceccus melilensis g with 
iltcrococcus paramel le sts and with bothof these organisms Hence the recognition 
of both of these strains became of impoitance in connection with the diagnos s of the 

Subsequently Burnet found that para attains of the organism when suspended in 
physiological salt solution were agglutinated when snbjected to a temperature of So C 
for two hours m an air bath As a rule they ate not agglutinated readily by specific 
sera Intermediate variants of the other two species of B uctlla later discovered have 
since been demonstrated and hlaUmann and Catio (ipjj) dissociated the rough from 
the smooth type 

\\hile in earlier years it had been supposed that the goat was the only 
animal concerned with the infection of man with undulant fever recent 
investigations have shown that this is not the case A contagious form 
of abortion in cattle was also distinctly recognized at the beginning of the 
igtb century and in Great Britain (id i88<5) it was proposed in the House 
of Commons to include the epidemic form of abortion of cattle m the 
Contagious Disease Animal Act 

la 1897 Bang and Stribolt first denoastrated contagious abortion to be a distmet 
specific infection and isol ted in pure culture the causative organism They further 
mdueed abort on in a pregnant cow by injecting cultures of this organism into the vagina 
a d again recovered it from the tnfected an mal Abortion was si 0 produced ui sheep 
and m mares by its inoculation Bang s work was c nfirmed by Preise m 901 and 
by Nowak in 190S In 1909 McFadyanandStockm n showed that the infection could 
be diagnosed m an mals by the agglutination complement fization and abottm tests 
In 9 0 hfcVeal and &ert isolated the specific organism from the disease m cattle in 
the United States and des gnated t BmUIus abotius Tbe following year Schroeder 
and Cotton found this same bacillus in cow s milk end upon its inoculation into guinea 
pgs produced tubercle like lesons They suggested that the organism might be 
pathogen c for man 

In igi Theobald Smith and Fabyan inoculated Bacillus abortus into 
guinea pigs and produced a disease from which the organism could be 
recovered They also suggested the possibihty of human infection with 
this organism and pointed out later that the udder of the cow might be a 
source of infection for the mill 

Later Traum Goode and Smith showed that the infectious abortion 
m swine was due to a similar organism which however grew more readdj 
upon the surface of solid media 

In igig Alice Evans demonstrated the dose relationship that exists 
between Bacillus abortus of cattle arid Micrococcus melitensts She found 
that morphologically culturally biodiemically and by the simple aggluti 
nation test Micrococcus melilensis and BactUus abortus were indistinguish 
able Only by the absorption test could any differences be distinguished 
with different strains 

In xgro Meyer suggested the generic name of Brucella to include both 
the orgamsms of undulant fever and of infectious abortion There has 
been much discussion with reference to nomenclature m regard to some 



740 


BISTOKY 


U, and reproduced the infection by inoculations in monkeys In 1889 he 
published a full account of the clinical symptoms and two >ear8 later 
cultivated the organism from the blood aspirated from the spleen dunn 
life In 1893 he suggested the name of Mxcrococcus mehlensis for it 

In 1897 Hughes suggested that the disease be called ‘ undulant fe\er 
During the same j ear Wright and Semple made the important observation 
that the affection could be diagnosed by the agglutination of the micro 
organism with the blood serum of patients suffering from the malady 

In 1904 the Mediterranean Fever Commission appointed by the Bntish Govern 
ment with Kennedy Zammit and Horroebs as members earned on extensive studiH 
of the affection during the years 1904-1907 m Malta They demonstrated that the 
ilicroeaccus leaves the body mainly in the urme and is then capable of existing for a 
long period outside the body They also showed that the milk of many goats aggluti 
nated ificrococcus mtliltnsts and isolated the germ from both the milk and the blood 
of such animals Many of the goats so infected did not appear to suffer particularly 
but in a few in the later stages the goats were noticed to have an unusual degree of 
lassitude and to be off their food In some a short backing cough was noticed wd 
they appeared to steadily lose flesh the coat also becoming thin Zammit {1905] 
pointed out that the organism might lodge to the udder spleen and lymph nodes givin 
rise to an interstitial mastitis and splenic adenitis The conclusion was reached tbit 
It was by the ingestion of such infected milk m Malta that the disease was commoaly 
conveyed to man Prophylactic measures based upon these discoveries brought shout 
m a few years almost complete disappearance of the malady m Malta 

Interest m the disease m the United States was first aroused by the 
reports of cases of infection occurring among our soldiers after the Spaiusn 
Amencan War Cot and Musser and Sailer, reported upon a single case 
in Puerto Rico in 1899, m which the diagnosis w as made by the agglutina 
tion test 

In 1900 the writer first reported upon several cases occurring m our 
soldiers m the Philippine Islands In the first case which resulted fatallj 
Mtcrococcus melitensis was isolated from the spleen Curr> m > 9 ®* 
reported upon other cases m our soldiers in the Philippine Islands ana 
in men who had returned to the United States from there Craig in 
1905 also observed cases in San Franasco among soldiers returning iro 
service in the Phihppine Islands In addition he reported upon t e 
occurrence in Washington D C of the first case of the disease to ongina e 
in this country 

Craig wrote that he was convinced that a careful study of the agglutination 
with Micro occur mchlensts of many of the cases of obscure continued fever wnic 
prevalent in this country would tesuU in the demonstration that Malta fever is y 
means a rare disease in the warmer portions of the United States and that ®, . 
so-called anomalous cases of typhoid fever are in reahty instances of infection wit 
organism of Malta fever Ttnlrv 

Cases of undulant fever were next leported in this country from Texas by 
and Ferenbaugh in 1911 and from Arizona by \ount and Looney in 

break in Phoenix Arizona 11119 s again especially attracted attention to the inie 

in the United States , » Zj-fg 

Another item of interest in the history of undulant fever was the report 0: 6 

and R^naud in 191s upon the occurrenceof a variant of Mtcrococcus melilsnsison'^ 
solated in Malta which they proposed to call Mtcrococcus poramehUnsts This org 
sm differed in its agglutination reactionsfiomtlie t^ical Micrococcus melitensis st 
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Ihe Transvaal and Orange River State It u also endemic m (German) South West 
Ainca In East Afnca Brucellosis has recently been found to be the cause of cases of 
fever hitherto of obscure nature in 7 atatiODS in Tanganyika Terntory The organism 
isolated approaches the Rhodesian type of Br o&o lus 

The disease was formerly regarded as a subtropical or erotic one In 
the United States few physicians were familiar with it or recognized it 
clinically and few laboratories were m possession of cultures of the causa 
tue organism or prepared to perform a bacteriological diagnosis of it 
la recent jears no other affection has attracted wider attention from 
the clinician bacteriologist and public health worker than undulant fev er 
and It has been shown to he world wide m its prevalence as pointed out 
abo\ e Indeed at a recent meeting of the Health Section of the League of 
Nations the statement was made that unduUnt fever was one of the most 
important problems facing public health workers 

In the United States prior to 1925 about 128 cases of undulant fever 
had been reported particularl> from Teras New Mexico and Arizona 
where there was apparently a true endemic center 

Gentry and Ferenbaugh believe that the affection which is known m Tevas and New 
Alesico as slow fever mouatam fever «r goat fever is really undulant fever and that 
It has e sted there for 5 years prior to tptt During the peiiod from 1915-18 the 
ecorded eases m the (fnited States were 14 4b and 11? respectively Dunng 1918 
probably largely due to the dissenuoation f inf rotation regarding the due se 649 
cases were recorded In 9 9 Hasseltine and Siinpson staled that it was recognized 
m every State of the Union During that year Hardy collected epidemiologic data on 
33ecases and Hassletme upon 109 Simpson wboeoDductedaiurveyofthenumberof 
cases of undulant fever recorded by the State Health Departments of this country during 
9 9 found th t get cases occurnog 10 every state of the Union were reported durin 
that y r and 1 total of 336$ cases were reported up to January i 1950 

InCbeSt te f Iowa alone Hardyaodbi coUeaguesatud ed 375 cases Thisstate 
IS one m which cattle nd hog raising are the two main indu tries and contagious 
ab rtion is prevalent in both these aDimals There are very few goats and herds of 
sheep ate scaUeted These facts suggested that most of the undul nt fever \ti the 
state was of bo e or porcine or gin and this supposition has been con£ md by tbe 
b ctenolog calesaminations InObw in igip-jo Simpson found a d studied 90 cases 
of the d sease inandabout Da)toii Bayl y 88 cases m Minnesota and Wallace 56 cases 
m Tacoma Washington One hundred and SLty-one cases of undul nt fever were 
potted n the State of New \ ork during the year 19JO 
In 931 over 545 cases were tecogn zedin the United States and in 935 i897were 
rep rted with the highest incid ncc in Iowa 

Etiology 

Bactenology — Brucellosis pnmaiily affects goats cows and hogs 
frequently m pregnant animals causing abor ion Secondanij these infec 
lions gain entrance to man m whom the symptoms are very similar 
whether the infection is of goat cow or hog origin The disease in man 
has been called undulant fever on account of the successive waves of 
pyretia which may extend over several months Brucella meiilensts has 
as Its chief host the goat espeaally in Europe and in parts of the United 
States In addition to man and goats it has also been isolated from the 
milk of infected cows in the United States France and Italy and from 
aborted foetuses of sheep and goats m France Italy and Argentina 
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vanations m type The foHowmg terminology seems most satisfactory 
Brucella melilemts Bruce, 1887, (Caprine type), Brucella ahorlus Bang 
1897 (Bo\ine type), Brucella suts, Traum 1914 (Porcine type) 

In 1922 Bevia on epidemiobgical giouads suggested tbit tbe uodutanC ievtrol 
Rhodesia which had recently become prevalent there was caused by Bacillus eborlus 
since no goats were kept on the ranches where cases of human undulant fever ««« 
observed lie also demonstrated that the scrum from such patients agglutinated 
Bacillus abortus 

In 1924 keefer reported upon a case which occurred m Maryland m 
which a diagnosis of undulant fever was finally made and in which goat s 
milk could be entirely excluded as the cause Eventually Bacillus aborlas 
or Brucella abortus var i«tt was isolated from the blood of this patient 
and its nature \ enfied by serum reactions performed by Evans 

Shortly afterwards Gage and Gregory Iluddleson Carpenter and Meniim led 
others reported further esses in tbu country caused by Bacillus ahorlus Still mow 
recent work has shown that infection of human beings frequently occurs either witb 
the Bacillus abortus of cattle or with one of its varieties Br abortus has also been 
encountered is the indammatory lestons of poll evil and of £stulous withers is 
horses but there is some diSerenceof opinion as to what extent the pathological cosdi 
tion 18 due to this tnicrootgamsm as Onchocerca cenieatis is frequently assocutea with 
It 

GcOORAPinCAt DlSTriBUTION 

Undulant fev er particularly associated with the use of goat s miBi as 

food was at first presumed to be Iiimted to the Mediterranean region with 

highly infected centers at Malta and Gibraltar Through improved 
bacteriological methods cases of the infection were soon detected, not onI\ 
elsewhere in Europe but m other parts of the world as well notably India 
China the Philippine Islands South Africa Arabia the southwestern 
United States Mexico the West Indies and portions of South Amenca 

In Europe besides the shores and islands of the Mediterranean such as Sicily 
Cyprus Candia Sardinia and Corsica the disease exists in Portugal France Italy 

the Levant and the Balkan states Spam Granada Barcelona and Murcia have more 

recently been infected while m France in 1924 the disease was found to have spread an 
to exist in endenio epidemic form in the Departments of Card Herault Savoy tne 
DauphinS the Cevennes and the Seme where several thousand cases were recocae 
from 1920 to 1924 by Auche and Dubois The rockefeller Uodulant Fever Cen e 
(rpgo) found that the disease was wide^read in man sheep and goats in 
France It is also prevalent in Geimaay Denmark Sweden and SwiUerland h a 
sen (1940} reports that in Denmark between 19x7 and 1924 the serum reactions ol 
Copenhagen Institute revealed an evidence of Brucellosis reaching 40 per leoooo 0 
males between 25 and 35 years of age , 

In the Far East it is endemic in northern India in the Punjab with occasional c 
in Bombay and Ceylon It has occurred m China particularly in the Yangtse regi 
in the Philippine Islands Dutch East Indies and Australia at Aden and Suakim »n 
m Trans Caucasia 

In South America it has been observed from Veneauela Chile Brazil Argen 
Uruguay Cuba and Porto Rico and there is probably a small center of infection 

^ *In Africa it is reported from Egypt Tunis Algiers Morocco the Sudan 
Lake Chad and Uganda During the Boer War it became prevalent in South A 
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Bitedby ctitain writers Whether » diflerenccin forra&ctusUy exists here itnong races 
he believed should be more carefully mvestigated Iluddleson ft9t4') thinVs the size 
and shape depend largely on the xlram ezamuied and the age of culture and medium 

B jaii IS usually bacillary in form and the largest with B eboflns intermediate 

The three organisms usually occur singbr or in pairs but when grown in bouillon 
often appear in short chains They ate non mot te possess no capsule and produce 
no pores and are Gram negative In banging-drap preparations brownian move 
ment is usually marked 

Cultural Characteristics — ^Theorgamstnsgrow very slow 1 > on ordinary 
laboratory media but better oit beet or liver vnlusion agar or broth 
adjusted to a /> 1 I o! 6 8 to 7 4 and incubated at 37 C In pnmarv cultures 
the colonies become visible in 3 to 6 days and arc small dew-drop-like 
later becoming opaque and rais^ Jn broth there 15 a disuse turbidity 



Flc 1S4 —Colon s o( Br abortus fr m inf tv milk (Aft r Huddl n C urte y 
C mm w alth Fund ts w Y rk ) 

Ihf orgatusms are killed by beating to 60 C The optimum temperature 
01 growth IS about 37 C At tempetalorea over 40® the growth is sus 
pended and above 4 j ‘’ artifiaal cultures die Bntctlla mehttnsis the 
caprine \ anety is aerobic but may also grow more slowly anaerobically 

One of the most sinking features 10 regard to cultivation is the slow 
growth Cultures made directly from organs alter death on agar may 
show colonies alter 48 to 72 hours but others show no growth for 4 or 
5 days even if kept at 37 C and no growth for 7 days if kept at 25 C 

Observers hive somelimM discard d >r Oirown away cultures before they had lime 
todevclop Tbecol aieswb atheyappcafupontbesuifaceof themeduaresmoothand 
tt Dspirent tesembUng d w-drops Und r the microscope they are round or a a) 
and ate transparent with an even border andwitha^ht brown tinge ab ul the center 
a d are finely granul r As they grow older thqr become da ker i color Gelatin is 
n t liquefied On this med um th colonies are hardly perceptible at the end of the 
first week In be 1 brotl growth ss rardv apparent ta her than the fourth day and 
occasionally not until lo days The cuttuiea first become eloudy and tie growth 
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Brucella abortus has been found m animals in many parts of the world 
It has been recovered from naturally infected cows and human beings 
and in some instances from sheep dogs horses wild deer wild buffalo 
and fowl Br sms appears to have the hog as its chief host and it has 
been isolated from hogs in the United 
States Hungary, Denmark Switzerland 
Brazil Argentina and Japan The organ 
ism has been isolated not only from 
human beings and hogs but also from 
the cow, the dog the horse and fowl 
Alice C Evans in 1918 discovered the 
close serological relationship of these 
organisms thus laying the foundation for 
general recognition of the relationship of 
the infections with the three species 

Moiphology — Theorgamswthatgives 

rise to undulant fever (the capnne v ariety) 
was first described and isolated by Bruce 
and named Micrococcus tnchlensts It ** 
a minute bacterium usually 03 to 0511 
in diameter or length when observed w 
infected tissue It appears at times m 
coccoid slightly oval, or even bacillar 
form up to 3 u On account of its small 
size It has sometimes been regarded as a 
coccus or at others as a bacillus since m 
some cultures short bacillary forms have 

predominated However in others I ese 
baallary forms do not appear In IksB 
transplants of thecultureswhich themn" 
isolated m Manila and worked with to 
several years the organism was never 
observed to assume a bacillary form 
Only in old cultures maintained for some 
time on solid media were elongated forms 
visible 

Setsent found that some strains are alw *y’ 
coca while others are distinctly coccobaciili 
form while Eyre describes the organism a 
a beef extremely small coccus The bacillary W™* 

1 ver in/us on agar (Alter H (Idle the various media he regards as involution lor 
son courtesy Commonw alth Fund y„n Stnbolt who first isolatea 

New York ) organism of contagious abortion of cattle 

described it as a minute bacillus aUhongh they noted the presence of 
forms Subsequently it was termed Bat Bat abertut or Bacterium aborlum ^ 

Brucella abortus From the descriptwns given of many of the ves 

^hnrtus isolated in the United States the baallary form occurs as a rule iia y a 

.i o n, l„„h S»U. (-“VunTd" ' 

that the capnne race was oPgmaUy regarded as a micrococcus and is stiU » 
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Dated by tetUm wtiiet* W betbet k difiettnce in fonn a tuiUy exists here among race^ 
be believed ahould be more caretuBy « Mtigated Huddleson ti9i4^ thinks the sue 
and shape depend largely on the ttatn examined and tt e age ot culture and medium 
B suis IS usually bacillary in {orm and the bngest with B sftitrlue mt imediate 

The three organisms usually occur singly or in pairs but when grown m bouillon 
often appear in short chains They are non nulde possess no capsule and produce 
BO spores and are Gram negative In hang og-drop preparat ons brownian move 
ment is usu Ily marked 

Cultural Charactemtics — ^Tbeorgamsms gross \cr> slowlv on ordinary 
laboratory media but better on beef or liver miusion agar or broth 
adju ted to a pH of 6 8 to 7 4 and incubated at 37®C In pnraary cultures 
the colon cs become visible in 3 to 6 days and arc small den drop-Uke 
later becoming opaque and rai ed In broth there is a diffuse turbidity 



PiOiSs— Clo 0«B abortus ( om I t et V milk (Aft Huddle n Co rt »y 

Commonwe US Fund N w Y rV ) 

The organisms are killed by beating to 60 C The optimum temperature 
of growth IS about 37 C At temperatures over 40 the growth is sus 
pended and above 42 artihciil cultures die Brwcrila meliJeiisw the 
capnne variety is aerobic but may also grow more slowly anaerobically 
One oj the most striking features in regard to cultivation is the slow 
growth Cultures made directly from organs after death on agar may 
show colonies after 48 to 72 hours but others show no growth tot 4 or 
5 days even if kept at 37’C and no growth for 7 days if kept at 25 C 

Observ n h»ve sometimes discirdcd ot thrown away cultures before th y ha 1 tune 
to develop The colonies when they approt upon the surface ol the media are smooth and 
transp rent r sembling dew-drops Under the microscope they ate roind or oval 
*®°*i*tt»'ispatent with an e\ en border and w thasUghtbrown tinge about the center 
and are fintlv granular As they grow older they become da ker in color Gelatin is 
not liquefied On this medium the colomea are hardly perceptible at the er d of the 
first week la beef br th growth ii ratdy apparoat tarb r than the fourth day and 
occasionally not until re» daj^ The tnltnres first become cloudy and the growth 
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appears more lutunani m the upper layers Sail later a white precipitate nay fora 
at the bottom in which the oreanisn occurs in short chants In neutral htnus milk, 
slight development u sometimes observed maS hours The alkaline reaction coDimues 
to increase There is no coagulation In glucose peptone i per cent lactose saccha 
rose and starch peptone no acid or gas is produced Noiadolisformedintiecaltwes 
The addition oJ r percent nutrosewttb some strains quickens the gra«tb andwheaitis 
desirable to differeatiaie the arganism from certain other bacteria it is of advaota « 
to use a medium contaitiing glucose outrose and litmus The fact that Sruulhi 
mtliltnsis does not feraienl glucose and renders tnilk and other media alkthne is in 
important feature Uith such a glucose nutrose or litmus agar the cohtuei ^pwr 
6fue wfcereastnanyof (he streptococci or baciKi found in (he urine faeces etc feratiit 
glucose and give an acid reaction 

Differential Characters — ^Thc similarity of the 3 species has gtimulated 
efforts to discover differences which would sene to identify a sptats 
irrespective of the host from which it was isolated Differences haie 
been sought particularly in carbon diovide requirements serological reU 
tionships bacteriostatic action of dyes hydrogen sulphide production and 
glucose utilization 

Increased Carbon Dioxide Tension — Br abtrlus was ongically isolated by Saai 
who inoculated matenal from the uterus of an aborting tow into deep tubes of ««» 
agar m which colonies developed only in a aone of panial oxygen tension i cm oeV>» 
the surface ffuddteson found that atoiosphenc air containing approsnaUly 10 pet 
cent COi was suitable for on»inal isobtion of Br eh»riut After freshly isolate^!" 
tures of Sr abertuf have been subcultured about 10 times ihey become idaptea •» 
grow freely thereafrerm ordinary atnospberK air and the COi recjuaemtatcanaetoe 
restored to them by long residence in an artificially infected gmsaL Furlhemwt* * 
recently isolated Br tbarlus culture cannot be made to lose its CO requirement of ue 
lation by long resideoce in a goat which is the sorznal best of th« avrgto*>^S^' 
mthlenns Since normal strains of Dr abarlut cannot be isolated onginiUy m ataiM 
phene air but only under increased COt tension ibe important differeoliil charactw 
IS establisbed that a Bructlk organism which requires carbon diosidt for ongiaal iso 
lation is Br aburtus There are however strains of Br oborlas in cattle and 
Rhodesia which grow freely la normal air from the start but the question 
whetfaer they may not be vaccina! slramsdenvcd from living vaccine used for 
cattle against contagious abortion B mr/i/cnni aad Br su»s do not reqmre Cu 1 ^ 
original isolation oi for subsequent growth although both species are suscepoole 0 
isolaboB in lO pet cent CO and of subcultivation under increased citbon dioadc e 
sion Er suis grows more rapidly if the culture in the Lqutd media is incubate 
CO> at a tension of 35 per cent above that of atmospheric an 

Serological Relationships — ^The 3 speaes are agglutinated equally I'y 
an antiserum prepared from any one of the 3 therefore the species canoo 
be differentiated by simple agglutination tests Br ahrttts cannot 
differentiated from skis by aggluUmn absorption tests but£r ahsr 'ts 
or Br suts on the other hand can m most instances be differentia e 
from Sr tnelilettsts by agglutinin absorption 

However there still remains a large qnmber of Br efco Juj cultures w^chcaono^ 

distinguished by agglutinin absorption from Br mtlilensis The eoaclusion 
seglutinin absorption is a very unrebaWe procedure for diffetentiauon of the 3 sp 
Tularaemia sera agglutinate the BnueBa oftener than brucellosis sera * 58 *“*®^ , 
lafarenru but usually a correct diffcrentuUon betwwD fencra can be wade by ass 
nin absorption 
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Bactenostatc Action of Dyes — ^Huddlesoti and Abell have been able 
to separate the 3 types by the inhibitory effect on growth which certain 
dyes exerase when incorporated into a culture medium of beef liver agar 
as shown by the following table 



Methyl violet 

Basic fuchsin 

."ZZ 

Thionin 

1 so 000 

Br suis 

; No growth 

No growth 

No growth 

Growth 

Br aboilus 

Gtowth 

Ciuwlh 

Growth 

No growth 

Br mehtens s 

Growth 

Growth 

Growth 

Growth 


Howe er occa onally some stnuns o{ Bf abertus wiH aot develop m media conte q 
ing any of these dyes 

Hydrogen Sutpbide Producboo.— HuddI son Hasleyasd Torrey have shown that 
depending upon the amounts of available sulphur m the culture medium Br lu 1 
produces hydrogen sulphide for the longest tune ilr ehorlurless tnd Br r’leltlenjif not 
at all The test is made by suspend g a str p of dry lead ecetate paper id the culture 
tube above the li er miuston agar at the time of inoculaUon and obser ng the degree of 
darkening during four days 

The Dan sb stram of Br ru is reported to be different kn tenseo end Thomsen 
( pjr) found that the D tush strain of Br suit differs from those isolated m the United 
States m that it produces little if any H $ when grown on a suitable solid culture medium 

Glucose Utilizatioa — It has been mentioned that Brucella does not 
give use to aad production in glucose as tested by the usual qualitative 
methods in fermentation tubes with a proper indicator However 
McAlpine and Slanetz hav e found that when the actual sugar is estimated 
afterydays growth in i percent glucose peptone water Brucella tnehlensis 
and Brucella abortus of the porane type are found to have utilised at least 
4 to 18 per cent of the sugar whereas the bovine abortus type has not 
affected more than 2 per cent 

They believed that this glucose ntih ation test might serve as a valuable method of 
differentiation of the different races However Meyer and Edie failed to obtain 
cle r-cut re ults with this test and it has been found that after cultivation for some 
bme m the laboratory both the mtlJensit and porane abortus types te d to lose their 
power of utihzing glucose and m this respect are then no lo g r differentiable from the 
bovine type McAlpme Plastndge and Bnghani also confirmed this fact Soule 
bel eves that both the bovine and porcine strains utilize glucose Coleman reported 
thatpo cine strains do not feiment monos echandes while the bovine strains do How 
ever hlallardo Zobell and Meyer have found that aU g of the races CructUa met lensts 
B uc lit abo tus and B c lla farameliUnsts after ti d ys cultivation have the same 
fermentive powers on various sugar media whether grown alone or in symbiosis with 
other micto-otgani ms 

Ohtzki and Bromberg from the examination of tel t ely few strams beheve that 
Brut lla m I Unsis requ res a higher concentr bon of peptone and of phosphate fo 
growth than does Brucella aborfu and that it is more suscept ble to higher salt con 
centrations pa t cularly of calcium chloride By the use of media with different 
CO centrabons of peptone phosphate and other e Its they believe they are able to 
d tinguish b tween B uc lla meltle* s and B utiBa abo lus They find that the 
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amount of gluco e used depends on the concentration of peptone m the medium tVith 
low concentrations of peptone such as o 3 pec cent BructUn ohorius is able to utilue 3 
considerable amount of gfucose, whereas with i per cent peptone no glucose 13 used 

Reduction of Nitrates and Nitntes — Zobell and Meyer (1932), Jii'e 
reported a sufScient difference in the nitrate and nitnte reducing abilitv 
of the 3 species of Brucella to aid in distinguishing them 

The presence of nitrites disappearance of nitrates ^nd evolution of gas were 
observed as critena of nitrate reduction On the addition of o » per cent potassium 
nitrite to a semisolid medium containing agar peptone and beef ertract the abortus 
and the run types grow dispersed throughout the tnediuin demonstrating ao appie 
ciable pseudoanaerobic growth but the growth of tneUleitSM strains localizes a lew 
nuJlimeters from the surface The strain was found to destroy ooj per cent polas 
Slum nitnte in s days while the ehor/M and melitenstr types lack this sbihty The 
niefitensir varieties are in general more active reducers of nitrites than the aicrius 

In mediums containing o a per cent each of potassium nitrate and potassium loMe 
the SHW types evolve an abundance of nitrogen gas with a rapid disappearance of sitMte* 
and nitrites while the oiorfur types very rarely liberate pas under identi al conditions 
The wiefi/enris and the Danish potcine strains which exhibit no pseudo anaerobic 
growth although capable of destroying 0 ooi per cent potassium nitrite fail to generate 
gas 

Differences in Pathogenicity for Anunals —Monkey s, when inoculated 
subcutaneously or intravenously with a virulent strain of 
with such cultures frequently develop febnle attacks of the disease the 
British Commission fed goat's milk containing Brucella mehttnsis to 
monkeys with the result that 83 per cent of the animals became infecteQ 
Phe writer had no difficulty m infecting monkeys {Ptthecus phhfpinenus) 
by subcutaneous inoculation with Brucella meUlensts and of later recover 
ing the organism from the spleen and blood of such aiumal* Burnet was 
unable to infect either monkeys or man by subcutaneous inoculation wiiQ 
Brucella abortus although controls were infected readily with Bruce o 
tneUtensis 

The more reci-nt work of Huddleson and Hallman and Meyer and Eddie also l^ould 
appear to show that Brucella abortsts of the bovine type has onlv a low infective power 
while the fneli/enijj and particularly the porane oiorfur type are highly ^ 
these animals and set up the disease usually even after oral administration In 
son s and Hallnun s experiments one strain of BructUa abortus of porcine °r‘g>n \ 
cilia suss) appeared to be even more virulent for monkeys than a strain of Bru 
nsetslensis 

With reference to the behavior of guinea pigs to the different strains opinions 
somewhat at variance lyre found that by a aeries of intracerebral inocula 0 
comprising rapid passages from guinea pig to guinea pig the virulence of 
melilinssr can be exalted to a high pitch for this particular animal Some 
have found that the mehtensis strain appears to be more toxic than that or do 

Subcutaneous inoculations of guinea pigs would seem to indicate that the 
abortus IS generally the most virulent and aultUiuss the least virulent for these 
Hardy m the study of two varieties of eBoohorlw found tl at one \ ffjet 

gave very marked lesions in guinea pigs while the second a bovine one bvdli“>c 
on these animals 

Of 23 strains of human ongin which came into Theobald 
hands 3 had no effect whatever on guinea pigs He remarked that 
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entirely negative outcome of inoculation into guinea pigs with infected 
tissue or cultures even in high dilutions has not occurred in the hands of 
bovine cases in his experience One caprine strain studied by him was 
entirely inocuous to guinea pigs and not even recoverable from the spleen 
and he remarked that the absence of virulence in this instance might be 
ascribed to prolonged artificial cultivation In general he beheved that 
porcine strains produce more marked lesions m guinea pigs which tend 
to suppurate than do bovine ones 

iley«r and Eddie state that some strains of capnne mtlitensis may gi e the same 
results and be as virulent in guinea pigs as porcine steams while some poreme strains 
may show little or no pathogenicity for guinea pigs The aierlus variety was more 
m s ve and virulent as a rule than the meJilmm Jaf[4 found that the inflammatory 
changes produced by the abo lur and m I Unsit vanetiet in guinea p gs were quanti 
tati ely alike with much more prononaced changes in the case of abortus mfections 
Burnet also thinks that the ab lus variety is more virulent than the mehltnsts variety 
(or guinea p gs Kristensen found that the Dan sb poreme strains appeared to be less 
nilent for guinea pigs than the Aoiencan ones 

Babbits are sometimes susceptible to subcutaneous i travenous ictraperitoneal 
and inttacerebral injection with BruKtlla although the moculaCions frequently fail 
The rabbit may show antibodies in ts serum but rarely a septicaemia Sometmestbe 
orfly znanifestat on of infection n piogiev ive emac at on 

Cantani m his early experiments cons dered that be bad established a marked differ 
nee between Bruc lit mehlsnns and Brucella abarlus as legatds the pathogen c ty fo 
rabbits However m his later researches in wb cb be also injected suspensions of these 
Ructootgani ms intracranially he has been unable to confirm his former conclusions 
Obviously the separation of the different ttraiosorracesatcord g to the r pathogen city 
has not given entirely definite results In mak ng such comparisons it is important to 
work with f eshly isolat d stta s inoculated under comparable conditions 

Lesions m Omnea Pigs —Theobald Sm lb po nts out ih t the i lection of abe lus 
in guinea pigs is non fatal and self Limted tthetber the inoculauon i made sub 
cutaneously or intrape toneally and whether (he dose i Urge or small the co ditw 
of the animal at about eight weeks is the tame No local ksion is produced or if some 
swell ng occurs it d s ppeati The regional and other aubcutaneoua nodules may be 
swollen to twice their si e or but httle Necrotic foci are absent unless othe b cteri 
were i c duced in the pathological material 

The only other chang s we e the Urge highly congealed spleen from t 3 tunes 
normal sixe with or without numerousm nut grayfoc and an infiltration followed by 
suppu It on of the ep d dymis of one or both testicles Microscopic lesi ns of the 
female genital organs are e ceed ngly rare Rarely swell ng of the carpal joints is 
present The spleen contains the larg r numb r of micro organisms although £ru ella 
abo lus may be obta aed f om most other organs if sufficiently large pieces are cultured 
J St beneath the capsule and somet mes deeper m the 1 er t ssue small gray nodules 
may al 0 be f und 

In the study of the ta s ea of inoculated guinea pigs no invasion and multiplication 
of the organism within th ep theh I cells was observed Such a condition appears to 
be limited to the bovine chorionic membra t I the guinea pigs tbelesions wherever 
found consi tofadSu emultiplicalionoflocal reticular endotheli Icells orofinfiltra 
lion of mobile cells or b tb combi ed lliere may be a d ffuse general replaceme t 
of the normal lymphocytes by the larger monocytic type of cell which is found not only 
ID the pleenbutm the lymph nodes and mteist tial tissue of theepid dymi In guinea 
p gs inoculated with th porcine strain the lesions were found to be more conspicuo s 
and subject to soften ng and abscess formaboD m the spleen lymph nodes testicles 
and limbs 

H rdy found that gu ea p gs 1 fected w th the porcine stra n lose weight appear 
rough and not infrequently die whereasthoseinoculated with the bovine sfio lui strain 
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often appur quite healthy and nay gain weight Generally there was narked ea!ir|e 
meot of the spleen hver and lymph glands usuallywithabscessformatiosanduvolve 
ment of the joints bones and testes Tubercle formation was sometimes noted in tbe 
liver ' 


Rough and Smooth Types — The rough him o( Brucella has hftn 
dissociated from the smooth form bj Mailmann and Gallo (1933) They 
report that a colony of the ettreme rough form is charactenied by a ver) 
irregular contour while its surface is actively wrinkled MorphoIogiaUj 
the organisms of the rough form are from $ to 5 times longer than in the 
smooth form The long rods are granular and tend to produce chains 
All 3 species of Brucella when rough lose their differential charactenslics 
when grown on media containing either basic fuchsin or thionin Huddle 
son found the rough form only slightly antigenic and nonpatbogemc for 
guinea pigs He believes that the most satisfactory and delicate method 
for the detection of inter medutc variant forms of Brucella may be obtained 
from using citrated whole blood of non immune or non infected individuals 
for 30 minutes at 37*0 Bacteria from a smooth culture of Brucella are 
phagocy tiaed only to a slight degree if at all by neutrophiles in notffls! 
blood while if a partially dissociated strain is used the neutrophiles ingest 
the bacteria in varying numbers 


Vitality — Brucella mlUenus 1$ aonewlut resiitaDt outside the body withitasdal 
desiccation from 60 to 80 days It also will bve in tap or sea « ater for about ■ 
and has been found to survive m a dry condition m dust and clottuag for a ^ 
from a to 3 months However it >s readily killed by eiposure to sunlight 
of the organism kept upon agar usually gradually lose their virulence for animali l 
unne which has become markedly alkaline the organism has been found alive a 
6 days and in aod unne for as long as id days A solution of i per cent caroolica 
4 per cent formalin or bichloride of mercury r rooo will destroy it in j to ij 
firuerf/j oiorlar may remain viablemmoist manure for 75 days \iolle points out l 

in cheese particularly roquefort it can remain alive on an average of s oontos ta 

pester and Boak found that when cream and butter were inoculated with this 
and stored at 8 C it remained viable for 10 days in cream and for 14* days IB bu 
The percentage of butter fat present seemed to be an important factor mfluennng 
vitaLty since with tbehigber percentage of butter fat the vitality of organisms 
prolonged It Is the behef of Carpenter and Doak that the germs were kiued by 
lactic acid which is produced in the cream 

The organisms are killed at moistheatat a temperature of 60 C in 10 to if min 
The thermal death point fixed by Dalton and Eyre aas 57 5 C 


Cultures Isolated from Man in the United States — Hum^n cas« 0 
brucellosis have been reported from all of the states some iSoo being 
reported annually in recent years by state departments of health princi 
pally on the basis of positive a^Iutuiation tests 


Br melilensfs has been isolated almost erclusively from residents of Teras 
Menco Ansona or California where goat raising is a prominent industry ...(j 
Br aharttft because of its CO» requirement lor isolation has doubtless been m 
in tho e laboratories in which CO appaiatus is not a part of the routine equipmen 
for blood cultures Gilbert and Coleman working in the >ew iork State 
incubated duplicate samples of paUenl s blood and cow s milk in normal »n 
atmosphere containing Sto toSKt cent ot carbon <bon* 01 S$ culture iso 
(tom blood and 44 from cow a milk) all showed primary growth id t 
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envuoTimtnl while piatiically none ga-it jmiaaiy giowth »a notmal aii thus indicaUivg 
that only thebovme (abortus) t3Tieis prevalent in that state trherelew bogs are raised 
Huddleson isolated 57 cultures from man m MidugaD only * of which were Br sun 
The small number of the e corresponds to the small e tent of the hog raising industry in 
Michigan 

Br su I was the type in 69 of 104 cultures isolated from man in Iowa 35 being 
B abortus All were isolated by Hardy Sorts and Jordan in the State laboratory 
where duplicate samples were incubated in air and 10 CO The high percentage of 
Br suis cultures corresponds to the prominence of the hog raising industry m Iowa 
Beattie and Rice reported a milk bom* epidemic of 30 cases in Council Bluffs Iowa 
confined to city users of raw milk suppbed by one dairyman Br sun was cultured 
directly in normal air from the blood of 6 of the 30 patients and obtained from cream 
of the milk of one cow in the dairy by guinea pig inoculation This cow befoie purchase 
had associated with aborting hogs on another farm Br suts was the clas itication of 
32 of 33 cultures isolated by Sellers of the Georgia State laboratory from human blood 
wh ch were all incubated in normal air none m CO because of the lack of suitable 
apparatus U hether the failure to isolate Br ob las was due to the failure to use CO 
apparatus remains a question The epidemiological evidence however points to 
drinking raw cow s milk Containing Br suit as the cause Evidenr of the spread of 
Br abortus from cows to hogs by contact is lacking but the spread of Br suts from hogs 
to cows by contact ts amply demonstrated and man may be infected by dnnkmg the 
milk of aueb cows 

Aa the porcine strain is more invasive for man than the bovine the miectioo may b 
transiwied by milk eontaming a relatively smaU numbei of Mgeni ms whtieas mils 
heavily contaminated by the bovine stra n may not transm t the infeeCion Of the 
otgsniims isolated from the blood abscesses unneandfaeces during 935 in the United 
States 70 to 93 per cent were of the porcine type and the remsinder of the bov ne type 
except f an occasional eapnne scraio 

Epideuioiogy 

Manner of Infection — The disease may be contracted by drinking 
caw milk from diseased goats or cows b> contact with infected animals 
or b> handUng infected meat also by eating infected cheese and butter 
since the souring of milk often does not always destroy the organism 
Fifty seven laboratory infections have been recorded in 17 laboratories in 
the United States Infection may occur through the skin as vrell as 
through the abmentary tract The spread of the disease through carriers 
has not been demonstrated though the organism is present in the urine in 
about 10 per cent of the cases and has been reported m a few instances in 
the faeces It has also been found in human milk Cases occur at all 
ages ercept usually during the nursmg period of infants Nursing chil 
dren have sometimes been infected 

Or r and Huddleson found in Michigan that in a group of 500 individuals 
equally divided into males and feinales of all age groups constantly 
exposed to the abortus organism through an infected Twilk supply only 
I 4 per cent gaveevidenceof infection with this organism and only o 8 per 
cent showed any signs of active infection Evidence of a very low rate of 
human infection in localities where there is a high rate of bovine infection 
with Brucella abortus also has been obtained by other in\ estigators in the 
United States and other countries (Europe Africa and South America) 
Hence it would appear that in cow s milk only the most virulent strains 
of Brucella abortus may cause undulant fever in man and perhaps only 
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m particularlj susceptible individuals In its relationship to infection of 
man Brucella abortus may stand to Brucella melilensts in a somewhat 
similar relationship as does the bovine to the human tubercle bacillus 

While the commonest souree of infection of man uould appear to be 
milk Violle emphasizes particularly the danger of infected Roquefort 
cheese m France, in vshich the organism maj be viable for as long as two 
months Iluddleson found that Brucella abortus is especially present in 
cream Man particularlj in slaughter houses maj also acquire the 
disease bj contact with infected tissues or discharges of animals and 
aborting cattle, hogs goats, or sheep maj be a source of danger 

In Europe different investigators have emphasized the high rate of 
infection with undulant fever among men employed in slaughter houses 
Dubois and Sollier found that of 480 cases of undulant fever studied m 
southern France seven eighths occurred m persons coming m contact 
with infected animals, chiefly shepherds farmers and farm laborers 
butchers and other slaughter house workers 

Of the remaining one eighth several were in lahoralery workers who bsd ksadJei 
cultures of Brueelta aior/ut and Bructtlo metilensis end infected blood They een 
udered undulant fever definitely to be eo occupoUOAeJ disease 

better believes that tbe organism from cattle as a rule infects through eutaseoui 
abrasions in persons having contact with cattle suHenng from epidemic ibortios 
tbat hence fartnen and even more dairy men and vetennanans who lake eart^f *•« 
cattle are tbe ordinary victims much mote than penons who have drunk anit from 
lick cows Therefore all persons who come in contact with sick cows should wear glovei 

Hardy in Iowa also concludes that approtimately one half of the cases rtsult 
contact with infected animals their tissues and discharges the infection In au ptobs 
bjlity entering through the skin He points out the significance of contact with hogs 
10 the group of packing house workers particularly those on the killing floor who art 
intimately exposed to fresh carcasses where meat axe and knife lay bare the poroae 
organisms in the infected tissues which are aSorded direct access through me sxffl 
of the worker the akin being so often cut orabraided through his occupation Farffler* 
are also frequently exposed to infection through contact with hogs as us vaccinatmg 
castrating and medicating struggling animals and in loadiog tbe animals for mat t 
A special type of contact occurs in the manual removal of placentas Vetennanan 
not infrequently become infected m fhw way Ilabs has recently reported $ 
veterinary surgeons m Germany where the disease was believed to have been w 
traded by direct infection from the removal of placentas of cattle through cuts or so 
sions on tbe fingers Iluddleson and Johnson found that tbe serum in 57 per ® 
49 practicing vetennanans gave a positive agglutuating reaction with -Bruetlh Ot 
cases have been reported where the m/ection has been acquired from aborting goa 
sheep and hogs 

Apparently the cow is a greater source of infection at the time of the 
abortion and for two or three weeks following the foetal membranes 

(chorion) foetus and uterine discharges and udder ducts all containing I ^ 

Brucella The uterine discharges of the infected cow at full term a ° 
contain numerous organisms It is said that such cowsmayact ascaniei 
of the infection for many years Bulls also may carry the disease 
larly in the sermnal vesicles Brucdla abortus has seldom been 
strated in the blood of cattle and for some reason not uitderstoo ® 
cow unlike the goat does not appear to cTcrete the organism in the unn 



UNDTJLANT PEVEK 


753 


Brucella abortus is also usually excreted in the milk of infected cows in 
relativelj smaller numbers than is Brucella meltlensts in the milk of goats 
Nexertheless infections in man have been said to occur from milking 
both infected cows and goats In southern France where the disease 
has recently become alarmingly prevalent the infection of a number of 
cases has been attributed to contact with ewes which have been known to 
ercrete the orgamsm in the unne 

Waterborne Outbreak —Newitt and his colleagues (1938) have 
reported a remarkable outbreak 0! 80 cases of infection with Brucella 
melilensis with 1 death which occurred at Michigan State College All 
the patients were students or others using a bacteriology building housing 
a laboratory that handled large numbers of Brucella cultures 

There were i a students enrolled tor laboratory courses ut bacteriology who worked 
I the I boratones of the b Iding Frank clinical illness was present in 37 cases and 
iS were latent or subcUnical The attack ate vanetl with each of the S bacteriology 
class s but of a total of sio e po u es the rate was 30 0 per cent In addition to 65 
cases m the regular classe j other cases occuned Every person found to be infected 
with Brueell m I ttnsu bad been m the bade 1 logy building Mone of the patients 
had had any contact with goats or goat s milk All evidence pointed to faulty plumb 
mg as the source of infection By openiog several faucets in the basement a negative 
pressure was produced in the faucet at the SI kat faich the glasswa e from the Brueef/j 
laboratory was wa bed and the water supply of the laboratory thus infected 

Man as a Source of lofection — The undulant fever patient may occa 
sionally be a source of infection The urine would appear to be the chief 
path by which the orgamsm leaves the body In some instances the 
Briuella organisms are scanty while in others they are most numerous 
Kennedy found them ranging from 3 or 4 to 3 oor 4 petce In soma 30 oobser 
vat ons m de upon m n he found Brueello fflcfifenrit in 10 per cent The excretion in 
the urine may go on for a long tune e en (wo yeare after the patient 3 convalescing 
Shweam ed 315 stock yard laboreraand found that 70 0 spercent gaveadstinct 
agglutination with Br cUa m 1 1 n t In 7 of these the orgamsm was 1 dated from 
the unne T vo were kept under observation and c ntinued to pass large numbers of 
the organ sm in the u nefor m retban year Brvcdfaaiorluih salsobeen rcover d 
from the unne in some cas s In 8 instances reported by Kerr m which cultures from 
the u me we e made Btucella oiortus was recove ed from a 

Bruce noted that although the m r oorgam m probably also passes out of the body 
by way of the alimentary tract it bad only been directly observed m the faeces of man 
on 0 e occas n In tbs instance Eyre made plate cultures from the Lght colored 
I eces from the colon at autopsy of a ca eof undulant fever and obtained a mixed growth 
of a large variety of bacteria 1 dadiiig JUteracoeau n I lent t By emulsifying some 
of the growth in saline solution and piecipiUt ng the microorgamsm by the addition f 
a powerful aggi (mating serum and again pi ling the sedimented mic ococci be was 
able to obtain the 0 g ni m in pu e caltaie Eyre ratted micrococci throughout the 
wholelengthof tbeintesti e in arlibaally inoculated rabbits Inaddition hesucceeded 
in isolating jBrureflo met It sir from the mtestinal mucus and faecal masses in inoculated 
guinea pigs in infections of an acute type 

Recently Amoss and Poston have been more successful in isolating 
Brucella from the faeces of man by means of a special techmc The stool 
suspension was treated with immune serum to clump any organisms 
present and the sediment produced by differential centnfugation was 
seeded onto Teague medium 
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Two pittes were then inoculated in *ir and a ia xo per cent COi By this nielboij 
organistQS of the PruceUa group «erc obtained 7S times from the stools of 6 patir&ts. 
In I of the 6 Eructlh was Isolated from the fluid obtained by duodenal draioage before 
operation and from the gall bladder contents at operation 

florrocks and Kennedy and Bull and Gram bad also found Brucella neMtisn u 
the gall bladder of man Otero and Dooley hkewise recorded the Isolation of BruceHii 
from the stools each in one instance While there is little evidence that BruceHn 
infection is spread from man to man by tbe organisms eliminated by the stools the 
method of isolation suggested by Amoss and Poston may give further epidemiolopcil 
data upon this point 


Another path by which the organism may leav e the body is in the milk 
In 3 infected women who were examined bj the British Commission 
Brucella »«ffifeKJir was recovered from the milk of s of them While 
nursing children have sometimes been infected by their mothers this 

usually does not occur probably because the child js gradually immunired 

against infection 

Some individuals acquire infection from direct contact with the sick 
probably from soiled bed linen or unne through hand to mouth infection 
Dargein and Plazey report an outbreak of / cases of undulant fever among 
a group of T4 men who lived together The infection was believed to be 
traced to a pet dog with 3 puppies a of which were born dead 

Since tbe organism may frequently be isolaied from the Wood tbe posubdity of 
infected mosquitoes or other biting insects must be considered Although Iloffocs 
and Kennedy reported tbe presence of Brucella mehttnus 4 Unee In afS specimens e 
CuUt/atfgant and Aedet Jatctalut caught in wards where cases of undulaat fever 
being treated and successfully infected monkeys with material inoculated from tJies 
mosquitoes these results have not been since confirmed and there is no 
that insects pUy any part m tbe iransnussion of the disease UoUmann found I * 
flies which had been placed in contact with cultures of Brucella abortus could up 
S4 hours convey this organism directly to other cultures but not after that tin 
apparently auto sterilization in the flies baviog taken place 

The danger of nursing patients particularly when abrasions have been present 
the hands must be recognized and it is obvious that direct infection may occur in t i 
manner Sfanson Babr in pointing out that while uodulant fever is not genera y 
transmitted directly from the sick to (be well person says that it is a very sinking 1 
cumstance that in some hospitals tbe nurses and attendants m the fever wards are 
times more Lable to contract the disease than people not so employed , 

Violle calls the disease both infectious and contagious and points to the danger 
infection from the excretions »n which the organisms are eliminated irregularly ou 


times in large quantities and over a period ol years 

Carriers —Little evidence of the spread of undulant fever through human earn 
has been presented though the Bntisb Commission found that tbe excretion 0 
organism may go on for as long a time as a years after the patient 
Shaw isolated the organism from tbe unne and blood of 3 apparently ^ ^ 

yard laborers, and Iluddleson and Johnson Giordano and Ableson andv'auace ^ 

given other evidence of infection 10 perfectly normal individuals hence the sprea 
the disease by earners would seem to be possible 


Portals of Entry — In the great majontv of instances undulant f^« 
infection is contracted through the alimentary tract cither by 
milk or dairj products butter cheese or ice cream 
to invade the normal mucous membrane of the alimentary canal and t 
gam access to the circulation Infection may also occur through 0 
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mucous membranes notablj the normal conjunctiva The writer has 
knowledge of a human case in which infection from a culture was defimtely 
proved to have occurred in this manner SEiaw was able to infect monkeys 
by placing a suspension of Brvcdla mdilensis in the conjunctival sac and 
Schroeder and Cotton were able to infect a heifer by plaang a single drop 
of Brucella abortus culture m the eye Infection may also occur through 
the normal nasal passages pharynx interior of the larynx and trachea 
as has been demonstrated by experiments on monkeys The British 
Commission was also able to infect monkeys through the unbroken mucous 
membrane of the glans penis Since Brucella melilensts had been isolated 
fromsaginalswabbingsof infected women they pointed out the possibility 
of infection of man by sexual intercourse 

Infection through the Skua — Recent experimental work and many 
observations have shown that infection through the skin is not infrequent 
probably through cuts or small unnoliced abrasions Hardy beheves that 
m a large proportion of his cases infections resulted from direct contact 
and even through normal skin 

He performed with Hudsoo and Jordan expenments upon guinea pigs la which 
two varieties of BruetUa absrius were used both isolated from human cases Ooe was 
identified as a poteiae strain and the second as one of bovine ongio In one gro p of 
guinea pigs an area of the skin was shaved and abraded In another the skin was 
ibaved without abruioes and m another the bau was merely clipped The infecting 
d se was applied by means of a glass rod It wa found that guinea pigs which did not 
show agglutinins m their blood if killed subsequently showed no evidence of infection 
Of the guinea pigs with abraded skin too per cent were infected in both senes In 
those with sha ed skin but not abraded qg per cent were iniected by the porci e strain 
and 8i per cent by the bovine In those in which hair was only clipped 8i per cent 
porcine and 73 per cent bovine were infected In a second senes of experiments m 
which the guinea pigs were fed by the mouth with infective material 17 pet cent of the 
porcine senes were infected and jj per cent of the bovine It was thus shown that 
infection of the guinea pig was more readily obtained through the skin than by the oral 

These e penments are of considerable importance but whether infecUon may occur 
with Brucella through the entirely normal skin seems st U quest! nable There are 
possible sources of error in the use of gu nea pigs m such experiments particularly in 
the removal of the hair 

Some investigators doubt that infection in man 15 likely to occur 
through the normal «kin On the other hand it is quite obvious that 
infection may readily occur through punctures or through small wounds 
or abrasions of the km unnoticed when the individual has been m contact 
with infected material The numerous observations of Cesan Aublant 
Dubois Hardy Netter and others ate all confirmatory of this fact 

Laboratory infections with B uctUa met t » among bacteriologists have not been 
very uncommon In at least 8 recorded instances infection by subcutaneous inocu 
lation or by feeding cultures have occulted which was followed by charactenstic symp 
toms after an incubation period of from 5 to about 17 days SdrodowsU r poits that 
oofthelabo atory staff in Caucasia becamemfectedwitb the diseasein tb last4years 
Simpson repo ts that 5 workers to the Hygiemcl alwratory of the United Sutes Pubbc 
Health Service have acquired the infect on dunng the c urse of their investigations of 
undulant fever and Huddleson h reported cases of laboratory infection occurring 
n his coworkers 
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Iflfection through the Respiratwy IVact— Use orgaoism bss conudcMble po*ers 
of resistance to drying and it retains its vitabty is dust contaminated by unne for 
considerable periods Dust bas been held responsible for tbe spread of the disease in 
the southwestern United States and » South Africa and tbe Trench Commi sion in 
iprs incbned to tbe belief that manure as well as food was a factor However many 
inhalation expenments w ith dust contaminated with urine which contained livingorgan 
lams have failed to show tbe infcctiousnesa of such matenal even tboui>b in some 
instances such material when directly applied to the conjunctival or respiratory mucous 
membranes ha$ produced infection The British Commission n as very rarely able to 
produce the disease in monkeys through the inhalation of infected dust and they did 
not consider it a frequent source of infection Giordano reports that Carpentci bas 
isolated Brucella aborlus from tonsils and in such cases droplet infection of an individual 
through coughing of the patient must be considered 

Sex — The disease is more common m males than m females Of 
45 cases reported m New \orl. State in 1928 two thirds were m males 
Hard) Bierrmg Lane Lcrn and others in the United States hate also 
found that the disease occurs predominantly in the male sec 

In Hardy $ senes of a total of a7S cases 289 (77 per cent) were males and 86 (ij per 
cent) were females Among tW adults living on farms t6s (87 per cent) were males 
and S4 (13 per cent) were females Madsen reports that in Denmark the males eut 
numbered the females by z66 to $6 and Meigoann in Schleswig Holstein reported 
that of 27 cases oecureing there 1 1 were m males while in Kiel be found 8; were m males 
and 34 in females In all probabibly a proportion of the cases m farming commumtie* 
are tbe result of direct contset with infected animab or fresh meat and m such contact 
tbe number of males obviously greatly exceeds the females Turthermore the male 
population of many farms also exceeds the female However it seems clear Ihatmslci 
are not more susceptible than females when equally exposed to infection 

In the urban studies conducted by Hardy FarbarandAfathews Jones 
Simpson and Giordano m which contact with live stocL was practical!) 
absent the disease occurred with almost equal frequency among men and 
women 

In the Dayton series the females (49) outnumbered the males (41) fn Hardys 
group of las cases persons who bad no direct contact with live stock or carcasses 
64 (5» per cent) were males and 61 (49 per cent) were females In Walta De Bono 
(1940) reports there IS little difference in the two sexes as regards incidence but that tbe 
mortality is higher in females 


Age — ^AIl observers are agreed that the disease is much more common 
m middle life, rather than in early childhood or old age the majont) 0 
the cases being among young and middle aged men ilanson Bahr giv es 
from 6 to 30 years as the most susceptible age 


Simpson says that most children appear to possess some relative immunity to tbe 
infection as do calves In general it is not often found m children under u ® 
age The scarcity of the disease in children might be thought strange since t ey 
habitually use more milk than adults It is possible of course that infection may if 
quently occur in the early years of bfe as so often happens in tuberculosis and that an 

immunity may developwithoutapparentdiseaseorother mild lafectioo or ifanine 

lion does occur its nature may not be recognised , , , 

Dalrymple Cbampneys in his report to the British Ministry of Health on unau 
fever concluded that children under $ years are almost exempt in that country 
ever Gibson has recently reported a case of infection in England ir ■ • ■ - " 

of age DeBono (1940) thinks the disease m Malta i; 
and may frequently be unrecognwed 


a child 10 montbs 
1 children under 5 
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Simpson found in this Pountry 9 tnstviKs of Briuellj abo lus infection in children 
between the ages of 6 and 10 Kohlbryllhs recently reported the disease m a one year 
old infant and Hill and Monger )n a child 7 months of age Hardy in the United 
States m 71a cases however found only 4 under 4 years of age and a total of only 
10 under 10 

Madsen m Denmark also found no cases in children Under 8 and states that 
undulant fever has never been observed m the hospitals or asylums for children in 
Copenhagen where raw milk is used in large quantities 

However Larsen and edgwick m country erammed the sera of 4r5 children 
by complement fetation tests and found that 17 per cent showed antibodies for Brucella 
abortus while 4 children who bad ne er used cow s milk were negative Guest {1930) 
tested the blood serum of go children m the City of Boston for Brucella abortus aggluti 
Qins and found only one reacting positively through dilutions of 1 40 

Contact — Aladaen found that in Denmark in no instance was there more 
than one case in the same family In Simpson s senes m 8 families 
more than one member was affected Hardv found that in 10 instances 
more than one case occurred in the same household in 3 there were 3 cases 
m one the entire family— father mother and 5 children under 9 years of 
age — were infected 

Occupation — Occupation plays a definite role m etiology because of 
the opportunities it provides for infection 

Of 7 cai«s which w«r« anslyred by Kern 6 w«r« farmer (3 infected by aborti g 
cows 1 by bog carcasses) j were farmers wives and was a tractor na ager who 
apent much of bis t me on farms Occupatioos which gave cootact with infected car 
casses included s butcher i meat packer and i bboratory technician who went fre 
quently to an abatto r for maeenal Two were graduate students in bacteriology who 
were working with Brueeila abortus Both of them bad been drinking raw milk I 
the other is patients the occupations were general and non agricultural ui character 
in which there was no special opportunity for contact infection In Hardy a seiies 
there were farmers 6s (44 7 per cent) women on the farms 34 (6 6 per cent) stock 
buyers 5 (s 4 per cent) packing bouse employees 37 ( « s per cent) butchers e (0 5 
per cent) housewi es other than f rmers wives 37 (to a per cent) students 18 (4 9 
per cent) children 9 (3 3 pet cent) prof ss onal a d bus ness persons and laborers 
S8 (16 pet cent) In Simpson s senes ss were housewives 9 were farmers or dairy 
me 7 were students wh te the rema oder we e e gaged m non agricultural pursuits 
In Weigmanns senes 10 were farmers or farm laborers were baihCs a etermary 
surgeon t a physia n 1 a slaughterer and iz followed other non agricultural occu 
pat ous Gentry and Feenba gh in Te as f und the majority f c ses t occur in goat 
ra chers and tbeir families Bactenologi ts and laboratory workers arc especi Uy 
liable to infection Dubois and SoUier u 480 cases of undulant fever occurring in 
France found that app Oxim lely 87 pe cent C the c es occu red in th se wh were 
in 1 t mate contact with infected an rasb such as shepherds farmers and farm laborers 
butchers and other slaughter house workers 

Scott (1939) give the follcming percentages in regard to the disease 
as an occupational one indifferent countries Slaughterers in Great Britain 
13 I Hungary 2 6 United States 13 7 the Argentine 10 8 \ elen 

narwns Great Britain 206 Fiance 250 Denmark 234 the Argentine 
264 the Umted States 129 Dairy and Farru employees Germany 14 i 
Hungary 139 New Zealand 164 the Argentine 118 per cent 

On the the hand Atwood and U ssletme ta Ware County Georgia found 9 cases 
distributed among 6 different occupat ons and u> no case was there an occupat on that 
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could be considered as carrying a special baaard with respect to undulant fever All 
were engaged in non agricultural pursuts. 

Residence — The incidence of the disease in small communities is 
usually greater In such dislncts there is greater opporlunit> for coaUcl 
inth in/ected animals fester pasteurization plants etist and raw niilk is 
more generally consumed 

In the 3S cases of BruttUa aboriut mftcUoo occurnogin the United States analysed 
by Giordano and Sensenieb only 6 patients lived m towns of more than 50000 the 
remaining occurring in small communities of leu than 20 000 Hardy in bis iDalyiis 
of 125 cases occurring in Iowa found 6s patients bnng on farms of wbch ii resided in 
towns of less than 1000 population and at in towns of from tooo to 5000 population 
only 23 lived lu cities of more than to 000 population and 12 of the 23 urban cases 
occurred among packing house workers In Denmark Madsen found of 209 cases 
145 hvug in rural districts and 64 in towns or aties Atwood and Ifassletine found 
that 9 of the it cases which occurred in Georgia resided la the aty of ^Vaycross 
with a population of 23 000 All of these cases, how ever used raw milk and the cows 
of the dairy herds from which the nutk came reacted positively to the ehettus agglutins 
tioo test 

Seasonal Prevalence —In the Mediterranean regions although undu 
lant fever js present throughout the year the ssarm dry joionlbs from June 
to September give the highest madence and December January and 
February the lowest This ts eiphmed not only b> the greater use of 
milk during the summer months but also by the fact that following the 
birth of the kid m the spring the contamination of the milk with BruetWo 
oborhts IS more marked 

la Texas Gentry and Ferenbaogh found tbe majority nf cases oF undulant fever 
in goat Tsachen Iroa March to jaFy a panod which also embraces the kidding smsm 
in Uie goats and the time when the goats arc in full nulk Dunng thii pened all 1“* 
members of tbe family are in direct contact with tbe goat herds eanngfor the kiosano 
teaching them to suckle 

la the United States Hardy found that infections occurred in every mooln olts« 
year apparently reaching a maxicoum dunng the summer months probably because 
of the prevalence of contamination of milk at that period Ilasseltine s figures lot 
tgtg and 1930 show that the greatest number of cases occurred in each year Irom May w 
November In 1929 the peak was reached in September but in 1930 the *'**^*^ 
numherofcasesoceurrediajuly However as thesedatacoverbut ryears nodefiait 
conclusions as to normal vanstlott can as yet be made In the United States the con 
sumption of millt #nd milk products is increased considerably during the warm months 


PAlnOLOCY 


The mortality from the disease is not great and the number of autopsies 
with histological examinations reported has been comparatively small 
Spleen — The condition of the spleen is perhaps the most striking 
pathological condition It is generally enlarged when death has been 
due to the undulant fever infection and not from some other accompanying 
disease or accident 


Hughes in hi 5 report of 26 fatal cases In Malta found that it vaned in wught fM® 
ioto 44 0* (283 5 to 12474 gm) the average being about 20 oz (567 ga) *“ * 
more chrauic cases the average woght was but re 4 os {4o8 24 gm) 
sfaUlcaseainthePhilippiDes itweigfaedjpoandaSogm respectively InArchitpa 
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C4se u tbe Sudas it weighed 67a gm Bassett Smith reported a case dytog after iS 
months where the spleen weighed 56 0* (1587 6 gm ) LBffler and von Albertini and 
SchBttmuUer have recently reported cases od splenomegally due to Brut-eUo abort 
infection InLBSerscase there was anaemiaandthespleen on account of its enlarge 
menl was removed before the diagnosis ot Bruceilo aiortas infection was made In a 
fatal case reported by Efaskov the spleen extended nearly to the umbihcal hne before 
death In Hab s fatal case in Germany both tim spleen and liver showed a chronic. 
inBammatory condition Kern in an analysis of 36 cases of B ce/lao6orf«jinfection 
repotted by different authors in the Uutcd States notes that only a fata! cases are 
referred to in one of which (hfoote and Carpenters patient) it is merely mentioned 
that there was septic splenomegaly at necropsy the other findings not being pvtn 
la Scott and Saphu s case the spleen weighed SS® 8® Hardy reported 10 fatal casts 
In only t were necropsies performed In one of these it is merely stated that the spleen 
was enlarged In the other it is noted that there was complete absence of any 
notable gross pathological changes in th organs of the abdominal and chest cavit es 
The diagnosis in this ease was made only by the agglutination test 

X)u9ie also reported a fatal cases in which the diagnoss was also made by the 
agglutination test m low titer In one of the cases the spleen was about twice the 
normal sue In the other the sue of the spleen was given as normal In De la Cha 
pellescase the spleen was greatly enlarged weighing 103$ gm 

Hardy later (1940) refers to 6 fatal cases Inoaly 3 was the condition of the spleen 
n ted In one case it was enlarged and to a no cnUrgement was observed In 3 of 
the cases no focal necroses were found m the histological eaamination However 
Menefee and Poston (1938) state that in their case due to £r ;u> infection small nodular 
lesions were present in the tucgs liver spleen and lymphatic gland* 

The condition of the spleen at autopsy obtiously vanes considerabl> 
according to the stage of the disease in which death occurs In the acute 
stage it is soft and diffluent but m the chronic cases it mav take on the 
aspects of a true splenomegaly with an increase of lymphoid tissue and 
parti<*ularl> of fibrous tissue In Loffler s case the histological condition 
resembled that seen in Bantis disease Cantani al 0 found very large 
spleens simulating those found in splenic anaemia and mistaken for that 
condition m 6 6of the cases However in all of these the fever had lasted 
for 6 months or longer Small haemorrhages and infarcts have sometimes 
been observed m the spleen In Ihe acute <ases the sinuses are dilated 
there is activ e endothelial prolileration and the Ij mphocj tes are increased 
Ilulology — In the author s fatal cases m which BmceHa meUtensts was 
isolated in pure culture the histological examination showed that the 
lumina of the capillaries and veins were markedly widened There was 
engorgement of the vessels the sinuses being pressed apart and filled 
with red blood cells The malpighian bodies were swollen The small 
round Ijmphoid cells increased m number Karjokinetic figures were 
frequently observ ed m the follicles No abscesses or areas of focal necrosis 
were present Some of the endothelial cells were swollen and granular 
others proliferating The nuclei m some were multiple In one of the 
cases a few microorganismsweresecnscatlered here and there throughout 
the sinuses The most stnkmg change was in the proliferation of the 
reticular endothelium of the blood and lymphatic vessels with a moderate 
concentration of wandering cells 

In a case examined by Lille leticnlo endothelial hyperplasia of the 
lymph glands was noted In Archibalds case the histological exaim 
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nation showed evidence of a general congestion with a hyperplasia of tlie 
lymphoid elements and marled cdlular infiltration composed chiefly of 
large lymphocytes and large mononuclears especially around the blood 
vessels Bmcella tnthleims was isolated in cultures from the spleen In 
De La Chapelle s case m which death was due to v egetativ e endocarditis 
a diagnosis was also made of * massive septic splenomegaly with multiple 
anaemic infarctions * The sections of the spleen showed ‘marked con 
gestion scattered foci of necrosis, and a small area of anaemic infarction ' 

Unfortunately there is no report 0/ any cultures being made from the>e 
lesions Menefee as noted reported small nodular lesions in the spleen 
and other viscera In none of the other reported human cases that the 
writer knows of have necrotic focal lesions been reported in the spleen 
and m none have there been described lesions identical with those observed 
after the inoculation of guinea pigs with Brucella ahorlus or suts strains 
(The lesions in guinea pigs are discussed on p 749) Hughes makes no 
mention of such a lesion in his 6 fatal cases In the 2 fatal cases reported 
by Hardy, the histological etaminations were made by Ldle Inoaeitis 
stated that there were no focal lesions present in the spleen m the other 
the follicles were found to be of moderate size a few- showing in the center 
large swollen reticular cells with cloudy appearing otv’phile cytop’asm 
which appeared very finely granulated The pulp contained a consider 
able amount of blood a few leucocytes and macrophages and modeti-te 
numbers of lymph cells There v/as reticular endothelial hyperplasia in 
the lymph glands 

Gtegerson and Lund found a pronounced enlargement of the spleen 
with follicular atrophy and marked over supply of blood with eventual 
hyperplasia of the pulp Parenchymatous degeneration in the organs was 
presumed to be due to the tone effect of the infection 

Lymphatic Glands — The mesenteric glands are usually moderately 
enlarged and may show reticular endothelial hyperplasia A similar con 
dition has also been noted m the more superficial lymphatics Schbtt 
muller suggests that the bacilli may lodge first in the mesenteric 
nodes By way of the thoracic duct they are then brought into the blood 
stream, and by way of the portal vein they al«o enter the liver and spleen 

Intestmes — In the intestines there usually is no inflammation 0 
Pejer’s patches or of the solitary follicles In a few instances patcheso 
congestion hav e been noted of the mucosa of the stomach and inte tioe 


In the wiitet » c»se», th bistotogical «mniaa.tioa of sections of the small jntes 
showed no ulceration and no destruction of the epithelial cells of the mucosa whicU a 
continuous over the Pevers patches and was not thickened Llceiat oasia 
Cited Cases are probably exceedingly rare Ivarsson noted intestinal haemorrbag » 
one fatal case and BousfieJd found haemorrhage of the intestine in J aodu cetation 
the small intestine in one In the few cases la which ulcerations of the 
have been described in earber years (he dtasuosis was perhaps confused with typ 

{ever or tuberculosis In Bousefieldacase ataiitopsyfidefiniteukerations werei 

in the small intestines between 18 and 46 in from the ileocecal valve 'l j 

a porUon of the spleen an*! sow* enlarged mesenteric lympfatic glands to Ken y 
who made cultures from them A pure culture of Jlicroioceus melilens s was on 
from the spleen From the mesenteric ^ands 6 cultures were tiken r were 
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in<l the other 4 ConUmed Bee llai tiiese Irrmi and BeeiUus col No BaciWus typhosut 
was present One colony ot Jt/scroencciu wrfsieiotj was obtained Jtom the 6 cultures 
Apparently there was no other bactenological czaro nation raade and no special s arch 
made for Cac /lujii &e lei s Inthiacas itisdiff^cult to decide whethercoacorrutant 
infection with typhoid fever or tuberculosis was not present Regardi g this point 
Bousheld himself says t believe the most skillful pathologist would ha e been unable 
to state that the ulcerations found at the postmortem were not those of typhoid fever 
In more recent autopsies no mention of ulcetatvoo of the small tatestine has been trade 
Nyquiat in one fatal case reported no ulcerations of the intestine In cases of long 
standing superficial secondary ulcerations ot the colon have been noted m undulant 
fever m a few cases 

Liver — The hver s sometimes enlarged and may show congestion and cloudy 
swelling Microscop cally there is often found round cell infiltration between the 
lobules and in the chronic c ses cvndences of fibrosis A rare complication reported 
orce only by Eyre and Fawcett consisted of a anbdiaphrsymatic and hepatic abscess 
In one of Hardy s cases the U cr was said to be moderately enlarged and of the n itmeg 
type and m Scott and Saphir s case it was slightly enlarged we ghing aifo gm and 
showed cloudy swelh g and passive congestion In De La Chapelles case it was 
distinctly enlarged the lower edge reaching almost to the umbihcus and weighing 
rSfo goi In one ease studied histologically by Lille centroglobular necrosis and degen 
eration of liver cells was observed and in tbe second passive congestion fatty degener 
lion and chronic chelecystit s Hansmann and Schenfcea (193s) also found a few 
ttnall focal areas of necrosis in the liver in one case Ilegler has reported s fatal cases 
which del from a eompl eating atrophic cirrhosis of the h er Jaundice and ascites 
have been noted by several observers in cases which have died late in the dise se In 
E bsitov a fatal case h emolyticj und ce was particularly enpbssiied aacitet was alae 
present 

lidiieja— The ludotys s mttimesahow congestion ot cloudy swtUinj In a few 
uistinees glomerular nephritis has been repotted In some of the fatal cases tbe 
d seasebasevidently been compbeated by subacute or chrome nrphntis Bassttaphas 
repo ted one which was compbeated by acute nephritis resulting in uraemia from wh ch 
the patient succumbed 

Lille has examined s cases histologically In one no lesions of the glomerub or 
vessels were present In the second there was acute tome nephrosis However in 
this second case the e was a Urge mediastioal abscess which mav have been due to 
anotbe microorganism than B tcell 

Lunga.— The lungs usually show hypostatic conge t on at the bases and sometimes 
bro chitis a 6 areas of bronchial pneumonia In s of Hughes acute cases the lungs 
were in otved and showed either congestion or areas of consol dation In tbe cases of 
longer durat 0 in only j were (be lungs found n nnab In Scott and Sapbir's cases 
there was also pleurisy Mth effusion lenkms has recently repo ted a aim lar case 
In neither instance was h uctlla isoUted from (he pleura In Gaaaarint s 53 cases 
3 of which were fatal all succumbed t tbe pulmonary complication ol bronchial 
pnejmonia In one of Hardy a cases symptoms and signs of lung absce s de eloped 
befo e deatb and an operation lot drainage was performed There is no report of any 
bacteriological examination of tbe lung exudate lUrdy writes that both Bruc lie 
eho lunniBrucelUtutsy re isolated from the blood of this patient during life There 
1 no record of an autopsy in this case 

Heart — The heart muscle is somei mes soft and pale 10 color In a few cases 
evidenc of myocarditis cloudy swelling and granuHr or fatly degeneration have been 
present In some lasta cea tbe pencardul fluid has been reported as considerably 
ncteased n amou I hndocardius has been recently noted as assoa ted with the 
dseasem everal ca es in the United States (Moore a d Carpenter Scott and Saphir 
De La Chapelte and Hardy 1 In regard to its occurrence in Ttince \ olle in his book 
on unduUnt fever says that no cases ot endocarditis ha t occur ed However 
Lagnffoul a d Arnal and Sardon in earlier years ha t e ch described one case of this 
complication caused by B luel] mel temf r In the Med terranean cases Hughes in 
his senes of 61 necropsies found a cases with vegetative endocarditis In 3 other cases 
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a more chronic endocarditis was present evulenti/ of previous origin In Scott soiJ 
Sspbir s case there was an old mitral stenosis and numerous soft grij' fruble vrgcU 
twos were present on the outral aortic valves They concluded that there «r« ao 
actual proof that the ab^r/ur organism was responsible for the recent endoardius sad 
the case was reported as one of acute and chrome endocarditis associated with Bnict! i 
melilensis (aboflus bacteremia) £rMc«Ilddhor/«s was cultivated from the hearts blood 
but no streptococa hloore and Carpenter base also reported a fatal case of uDdulant 
fever in which there was disclosed at autopsy an old deformed aortic valve upon whiib 
a vegetative endocarditis was Implanted 

Ifardy reported that there was anvrolvemeat of the cardiovascular s>'stem la j ol 
bis fatal cases In the first of these the report of the necropsy performed by oodvsnl 
states that the heart was hypertrophied to twice its usual sue and that when renovuig 
It an abscess in the anterior mediastinum was opened It was the size of a hens egg 
and contained a bloody pus The aorta had an erosion t cm in diameter and the 
anterior cusps were entirely destroyed There was a mass j cm in diameter occupying 
the sinus behind the valve and connecting with the abscesa in the mediastinum ho 
bacteriological examination was recorded of the lesion Iluddlrson states that fir rvii 
was isolated earlier from the heart a blood in this case In his a other fatal cases no 
autopsies were performed and the evidences of endocardi tis and of other carduc discsic 


were merely ehnicsl 

In De lU Chapelle s case the anatomical dugnosis was (i) massive vegetation and 
ulcerative endocarditis of the aortic valves (a) massive septic splenomegaly wtb 
multiple anaemic infarctions (j) subacute haemorrhagic nephritis («} chrome 
cbj matous degeneration of the liver (j) n»a»ive subpenloneal haemorrhage la the right 
half of the abdomen, of unknown origin (6) subcuticular and subungual petechial 
haemorrhages of several toes of the right fool The microscopical nsminatioa ol s 
section stained by Cram Meigert revealed no organisms la the massive vegelstioniroo 
the heart No cultures were evidently made from the heart lesioa 

Some years ago Eyre pointed out that in uadulant fever some alteration appears w 
take place in the walls of blood vessels which makes for ease of passage of the ted teus 
evidenced during life by ready bruising for trivial inyunes aod often recalled post 
mortem by localised extravasations of blood at various points w the subpeniese* 
connective tissue He thought that possiblv this was due to irnlation of the vasomoiw 
system by Uiefoeo cut Pichiennt toxins 

Bones and Joints —Effusions into the gomts have also been reported m the course 
of the disease from several of which BrueelU has been cultivated Kennedy reporteo 
purulent synovitis of the costosternal and costochondral joints and in the U 
sitates Eduards (igjy) has noted abscesses m the hones Recently lied has ca 
attention to a case with arthritis and osteitis of the right foot in which the radiograp 
showed bony atrophy and blurred contours of the joints between the cuneiiom »r 
the metatarsal bones The aweibng of the dorsum of the foot gradually suosioe 
Simpson and Bow era in a study of yd rases m Ohio found joint symptoms a prowiu ° 
feature in about one half of the cases Ifardy and his associates found that whi« 
tenderness and pain on active motion were frequent hydrarthrosis or swelling oJ U 
joints was unusual and occurred in less than t per cent of their cases 

Cellulitis and myositis have been reported The lesions are evidently not mfia 
mstory but Paviot and bis associates believe that the effusion of plasma 
observed accounts for the pains in the musdes so frequently complained oi w 
disease and espeaally in the muscle sheaths close to the joints . , ^ 

Generafave Organs. — The generative organa are not infrequently involved Jn 
male orchitis epididymitis prostatitis and seminal vesiculitis may occur ana m 
female catarrhal vaginitis mastitis and ovsntis Abortion in human cases has w 

much rarer than in cows Indeed wastudyrof Ihehlediterraneancases Ejrretema 

that although pregnancy frequently aynefaronues an attack of Malta fever its mu 
is unaffected altboiigb lactaliott is /requeotly curtailed Hardy observed but 
mfecUoti during pregnancy In this the condition proceeded normally Come 
D Young in an attempt to study the inodeace of undulant fever in j 

abortion foand that the blood serum from a* or aj women eiamioed who had ab« 
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gave a negative agglutination reaction In the ajrd case the aborted blood gave a 
positive reaction in a dilution of i 80 but the venous blood was negative and cultures 
from the placenta were negaUve One woman who had clinical symptoms of undulant 
fever in which the diagnosis was confirmed by agglutination tests gave b rth to a normal 
child at term before the onset of symptoms of nndulant fever 

Williams and Kolmer also e amined the sera of go women who had aborted Com 
plement filiation tests in which an ahorliu antigen was employed were not more fte 
quently positive than the W assermann reaction Agglutination tests with 12 sera were 
negative However in other cases in the Umted States Simpson and Fraizer found 
that the blood sera of 5 women who bad aborted repeatedly were found to agglutinate 
Brutella abortus and Brucella mel lens s in high titers All of them were raw milk con 
sumers Some similar evidence has been reported from both Germany and Switzerland 
hfo eover Carpenter has isolated Brutella abort ss from a human foetus which was 
aborted at the end of the fourth month ol gestation Kiistensen also isolated Brucella 
abortus from the placenta of one case It has been suggesUd that abortion may be 
more comm n m those cases m which the invading organism has been B ueella b las 
rather than Bruetlla melUinsts 



Fio 185 — Ph t gr ph of a 1 t n tb jh the pon a d f rth ventn 1 

N t the b I art ry nd t nenr> tn I mb dd d n bl d 1 t Th f urth 
vent 1 s mi d w th bl d cl t C f D {In itunn nd S h nk n 

Carson has repotted a fatal case in which the right uterine tube was much enlarged 
mdiameterandthelum n contained 1 cc of sero purulent fluid There was a walled ofi 
bscess area containing pus unde the right broad ligament A h stological examination 
of tissue f om the wall of the abscc s showed typ cat abscess formation H never no 
cultu es were app rentiy made from the abscess 

Nervous System. — byte found that the cerehrospioal flu d was often increased 1 
quantity m cases which had e hibited meningeal symptoms in some 1 stances to such 
an extent that the e was flattening of the cortical convolutions In other cases the 
bram and cerebro pinal fluid appeared normal Kennedy also noted flatten ng of the 
cortical conv lutions from the incr ase in the ceKbro pinal fluid Hughes in his series 
of necrops es in which the bra n was eTamined in found co gest on of the meninges 
superfici 1 veins and cb roid plexus m 9 In a few cases there was eflus on into the 
vent icuUr spaces 1 the early acnlecas s the congestion was more intense 

Acaseolmeni g e cephalitis was observed at the Mayo Clin c fipyr) Irom which 
through guinea p g noculation B eUa was isolated Sa ders ( 931) reported a case 
f meningitis which resulted fatally m vh ch Ar su t was isolated from the turbid 
spinal fluid At necropsy when the meninges were exposed numerous grayish 
white tube cles were noted in the leptomeninges overlying both cerebral hemi 
spheres On removal of the brain a large bio dclotmvo! edtbeb se and covered the 
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medulla pens cerebral peduncles and the optic chiasma After fixation a tnycotic 
aneurismwbicb had ruptured was d scentable Br su j was isolated from the tubercles 
blood clot and lymph nodes but the culture attempted from the heart a blood showed no 
growth Hansmann and Schenken (19^2) have further reported upon this case with 
the addition of the h stological exaimnation (Fifs 86 187) In the brain both the pia 
and arachnoid revealed van us degrees of thickening due p rticularly to an mflamma 
lory cell infiltration and connective tissue prohferatioQ The inflammatory cells were 
U gely lymphocytes and plasma cells with some large mononuclear cells and a few poly 
morphonuclear leucocytes Serial sections of the meningeal tubercles showed they were 
composed of irregular masses of kyakniaed conoect ve tissue moderately infiltrated with 
ch onic infismmatory cells In one area where the mdammatory cell infiltration was 
especially marked necrotic ti sue was present in which polymorphonuclear leucocytes 
were noted In another similar area the central portion was composed of large mono 
uclear cell surrounded by a dense collar of lympboc3rtes Mewly formed vessels were 
present m many of these inGammatory cell collections It appeared that these areas 
represented various stages in the formation of a tubercle from necrosis to connective 
tissue hyalini ation 

Kogers { 931) has analysed the literature especially of the cases reported abroad 
and DeNunno m Malta who has studied the patbol gical histology of the nervous 
system believes that the B ueeffo toxin gives rise to degenerative changes m the nerve 
cells w th breaking up of the nerve fibnl and leucocytic infiltration most marked 
m the cerebrum and medulla Heal 0 found tbe penpberal nerves sitmlatly involved a 
condition which would e plain tbe frequent peripbe al neuntis e countered 

Occurrence of the Organism — ^At autopsy Srucella has been culti 
vated fioBi the spleen heart s blood pericardial fluid and the mesenteric 
glands more rarely from the bver gallbladder kidney the urine supra 
renal bodies pancreas thymus and other lymphatic glands Cultures 
from the saliva and sweat have resulted negatively There are several 
clinical reports of the isolation of the orgamsm m non fatal cases from the 
sputum and one from the cerebrospinal fluid and memnges and once 
from the pleural fluid In several instances it has been cultivated from 
the effusion of the joints though often these are stenle Wainw right and 
Kristensen have reported the recovery of BructUa melUensts and Brucella 
abortus respectively in pure culture from 7 cases of ovarian cysts and 
Amoss (1936) in one The organism has also been isolated in a few cases 
from the faeces 

£rKceHa gives rise to general andlocalsymptomsofasepticaemic nature 
whose seventy is greatly dependent upon the virulence of the infective 
strain and its toxin The toxin is apparently of the nature of an endo 
toxin and experiments upon animals have demonstrated that killed cul 
lures may produce a similar effect to the living ones The effect of the 
toxin IS particularly shown in the persistent fever irregular cardiac action 
and frequent palpitation and in the irntative symptoms in the nervous 
system Besides these symptoms of general infection the organism may 
also occasionally cause local disturbances such as cold abscesses costal 
swellings osteitis and more rarely phlebitis and perhaps endocarditis 
Lesions having the characteristics of pyogemc abscesses which may occa 
sionally occur during the course of the disease are usually due to secondary 
infections with some other micioorganism 
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CtfitkiahaSetsauned s umpltseifacmfiemtolccUd tad {.from UBU>f«ct«d cows 
for th< pccieact of B acella cbnUi lactcnopbise He also «s»nuncd 9 samples o( 
wiHr front lafected and 4 {tom unuiiected animaU lafecced aoef unialected {oettises 
Qormal foetal membtanes and 3 samtdes of Mood from lalected cattle Honever 
there was Qo evidence of the presence of bactenopltage in anj' of the material examined 
although agslutiostwn was produced by the fittiates of blood and by some of the tmlk 
samples from the lolected cows 


SVUPIOMATOtXWV 

Incubation Penod — The incubation penoci has vaned usually from 
5tot7d3}s Bruce fromcUmtalcipcncnce gave it as from 6 to 17 days 
Bassett Smith from 6 to 20 days but bdteved that usually it is about 
t+dajs Hughes regarded lias to to 1$ days as a rule but thinks it may 
be considerably shorter in some cases 

In the experiaieotal infectionssnd those occtimng in laboratories already meationed 
It varied from j to 17 days lo 6 cases of expenneotaliafecUon through the abraded 
skin perfumed by Otero m Fuerto B>co the incubauoa penodt were from 10 to 16 
days In r casesiAwhichfrurr/fesv wasfedutculturesCoiBdividuals theuicubation 
penodt were inde&ite on actonnt of the manner m which the capenments were per 
farmed the data iiigeest that they may have been ]« and 17 days Is other infee 
tioes oceuroog thtngh the tkm and conjunctiva the iscubatios prnod hat been sn 
Mtse mitaticee ut more ehaa j to n days SubcutaGeous icccuiaiion of monkeys 
shows iR taeuhat oa pened when virulent calluteo arc ustd of about j days whereas 
if the oegsn im s given by mouth the tacubation penod sppears to be lengthened to 
sbaut 15 daye Simpson says that while it U a difEcult mstiei to deleruine it et ih 
accuracy it has been < uad to vary ui bis cases from $ to 14 days lUmsford (i9}5> la 
Vfalta who was able to measure the uicubaUon penod m $ cases 3 with definite evi 
deuce found ut these 3 that the laaibatMu was eo 39 aod 49 days 

Genenl Course )fode ej Ooui — ITiere u nothing charscterufic 
abouttbepiodromalsytnptoms Hieonset asarulo isissidious There 
maybeapenodoivieakaess general m^atse headache pams in the back 
of the neck and general muscular pain and a&oreua before the appearance 
of the fever Occasionally gastnc disturbances and sore throat occur at 
the onset As a rule in the beginning the temperature nses gradualiy— 
in the evening to 103 -104 F — as in typhoid fever with morruBg remis 
sions Sweating and chilly sensations may be noted In 6 of Kern s 
cases the onset was with chill and id 4 of Simpson s cases also the disease 
was initiated with a sharp chill and a more rapid elevation of temperature 
to loj -105 F 

Further CniiMr —Later the tongue usually becomes coated and the 
pharynx may be congested Epigastric tenderness and signs of gastnc 
catarrh may become mote marked and evidences of pulmonary congestion 
and bronchitis m3> appear As the disease progresses the headache is 
often severe and there » sleejdcsaiess and marked irntabiiitj The 
gradual nse in the temperature at the onset and the other sjmptoms 
frequently suggest typhoid fever However there usually are no rose 
spots and constipation IS generally a striking feature Fever is the roost 
important clmical manifestation but tt may be erceedingly variable in 
character Striking features are its extreme inegulanty and a great 
tendency t<j relapses and the penod which it lasts which may he for one 
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Production of immunity to BntceUa infection seems to be exceedingly 
difficult No satisfactory immunity has been produced in guinea pigs 
either by feeding or by the subcutaneous inoculation of cultures of Bructlla 
Some of the recent etperiments in goats seem to show that these animals 
may sometimes though not alwa^, be immunized by very large doses of 
cultures It has become rather generally accepted that killed cultures of 
Brucella aborlus ha\e failed to demonstrate their value in the control of 
contagious abortion of cattle The advantages of living cultures m this 
respect also have not been conclusively demonstrated Moreover, the 
use of living cultures is not without danger, since Theobald Smith pointed 
out that the vaccinal strains may enter the udder and continue to multiply 
m the ducts Many attempts ha\e been made to produce immunity in 
man by killed cultures of Brucella These also have not been entirely 
convincing of the idea that a satisfactory protective immunity can be 
produced The results m both roan and animals are discussed more fully 
m this article under the subjects of vaccine treatment and prophylactic 
inoculation The presence of Brucella agglutinins in the blood ■which 
occurs during the course of the disease in man or following the inoculations 
of killed cultures in man or ammals does not in itself indicate either an 
antitoxic or bactericidal immumty for Brucella The experiments of both 
Durham and Eyre substantiate ibis fact Eyre further showed that the 
blood of infected ammals frequently had a high agglutinating power for 
some time prior to their death On the other band Manson Babr points 
out that some of his most severe cases never had an agglutinating titer 
of more than i So Bruce considered that one attack of undulant fever 
conferred immunity against subsequent ones However Hughes observed 
second attacks m some individuals and Bassett Smith concluded that 
immunity following the disease was only slight and that secondary mfec 
tions do occur In many instances young children appear to be relatively 
immune to infection or if infected may acquire an immunity sometimes 
as in tuberculosis without visible evidences of disease 


Cotton states that calves up to the age of 3 and possibly 6 months are immune to 
infection although specific agglutinins may be present in the blood However Simp 
son reports that in serological studies of loj cattle 76 of the cows and all 6 of the bulls 
gave positive agglutinating reactions while the serum of 8 calves gave entirely negative 
results It has been generally noted that BtMUits abartiu infection rarely if ever ensts 
in sexually immature animals and that calves seem to be wholly immune to the lafec 
tiou It has been suggested that il is possible that the same situation attams during 
the preadolescent period in human bemgs 

The results of agglutmation tests on individuals with no history of the disease 
especially vetennarians and butchers suggest that an immunity has been acquired 
from subclmical or unrecognued infections He incidence of Br aborlus mfectioM is 
low m proportion to its frequency in cattle and many of the cases are very mild The 
capnae and porcme types are more pathogenic for man , 

The question of a passive absorption of otorfai agglutinins occurring in man ana 
appearing m the blood serum after dnnhing infected milt is discussed further under 
Sources of error and Agglutmation p 788 
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toms into septic arthritic neuralgic Msceral and glandular types E>re 
groupedthecasesarbitranl> undcrtheheadingsof (i)acute (2)subacute 
and (3) chrome 

In the acute or maUgmnl type the onset is usually sudden ivith rigors 
accompamed by temperature ol 100 to 106 F severe headache often 
limited to the back of the eyeball indefinite pains about the trunk and 
limbs particularly in the back and general malaise In such cases the 
face IS flushed the dorsum of the tongue thickly coated with white fur 
but pink and moist at the sides and Up or more rarely dry brown glazed 
and cracked and the breath offensive Diarrhoea is often present during 
the first lew days of the attack but soon gives place to constipation The 
pulse IS strong and increased in frequency though not usually in proportion 
to the temperature The urine is diminished in amount high in color 
and contains large quantities of unc acid and urates This type of fever 



sometimes passes into the typhoid state and death results from cardiac 
failure ormorerarelyhyperpyrcTiasupervenes Sometimes a crisis occurs 
and recovery takes place but usually the temperature gradually falls to 
or near normal and the case assumes the subacute type 

The subacute type conespondiiig to the vndulant one of Hughes is 
often slow and gradual m onset For some days slight headache thirst 
constipation and gastric disturbances pains in the back neck and limbs 
(usually described as rheumatic) accompanied by insomnia mental 
anxiety and general depression combme to produce a marked but at the 
same time indefinite feeling of ill health Next there follows a steady and 
gradually increasing rise of evauDg temperature until 103 5 to 106 F 
is reached with morning remissions followed by a similar and almost 
equally gradual fall until the moinmg temperature becomes practically 
normal The remissions of temperature ate almost invariably accom 
panied by profuse perspiration The duration of the initial pyrexial 
attack vanes m different cases from i to 5 weeks Then after an apyrexial 
interval lasting from 5 to ro days or a fortnight dunng which the tern 
perature remains at or about normal a relapse sets in similar m all respects 
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or several weeks a few months or even years Chilly sensations and 
profuse sweating are frequent symptoms As the disease progres es the 
spleen becomes enlarged and frequently palpable below the costal margin 
and in some instances late in the disease the liver may also show enlarge 
ment Pam m the joints and abdominal or lumbar pain may be severe 
Rheumatic like pains in the joints and fasciae hav e been noted roughly 
in from one third to one half the cases Orchitis mammitis and neuritis 
may also occur In about three fourths of the cases cranial or facial 
neuralgia lumbago and sciatica or other symptoms of neuritis rarelywith 
slight paralysis, may appear Ifthefevercontinues there may be marked 
e\ idcnces of a septicaemia and other irntative e\ idences of the toxin upon 
the nervous system The patient is often restless at night and cannot 
sleep Nervous prostration is sometimes marked with muttering delirium 
and there may be involuntary passage of urine and drowsiness passing 
into stupor In severe cases the sweats are generally profuse and dis 
tressing particularly at night A secondary anaemia may occur with a 
loss of 20 to go per cent m the red blood cells and with an equal or even 
greater reduction in the haemoglobin In severe cases the pulse often 
becomes rapid, and murmurs may be heard In malignant cases death 
may occur in from 5 to 21 days from hyperpyrexia or cardiac disturbances 
or complications of the lung Ixiss of weight u usual in most of the cases 
and m the advanced stages many of the patients become considerably 
emaciated Loss of weight has been especially emphasized by both Hardy 
and Simpson in the American cases In only le pet cent of Hardy s ases 
was there no apparent loss of weight m Simpson s senes it was almost 
constant One patient lost 62 lbs m a penod of 6 weeks and 4 lost more 
than 50 lbs 34 lost between 24 and 50 lbs, while there were only 10 
patients who experienced no appreciable loss of weight 

Differentiation of Types of the Disease — All clinicians who have 
extensively observed the disease emphasize the extreme variabibty of the 
symptoms At times it may simulate typhoid fever acute rheumatism 
tuberculosis or septicaemia due to other microorganisms Hughes says 
so variable are the symptoms and so uncertain is the duration and cour e 
of this fever that it is impossible to give a description to which all cases 
can be referred For this reason he divided the disease into 3 
types (i) mahgnant (2) undulant and (3) interrmttent He regarded 
the undulant type of fever as the usual one the other types being but 
variations brought about by differences in severity The febrile course in 
this type was marked by intermittent waves or undulations of more or 
less remittent pyrexia of vanable length separated from one another by 
periods of temporary abatement or absence of sy mptoms In addition to 
these types however he described irregular and mixed types 

Thomasefh enumerated 4 dimcal types (i) the gastnc (2)theinde 
terminate (3) the nervous and {4) the lethal or paralytic while Bassett 
Smith distinguished 5 types (i) ambulant (2) mild (3) the most common 
form, (4) malignant and (5) intermittent Giordano and Sensemc 
divided their cases m the United States on the basis of predominant syrop 
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to the first attack, but often distinctly shorter and less severe This 
sequence of events is repeated again and again, the duration of thedisMse 
varying from 6 v>eeks to 6 or q months In rarer instances the disease 
may continue for a > ears and more rarely with typical pyretial attacks at 
irregular intervals for 3 jears 

In the United States about 15 per cent of the cases have been of the 
undulant type Stitt, m contrasting the infection of caprine origin with 
the cases of porcine and bovine source as seen m the United States notes 
the following outstanding features in the latter group remarkable absence 
of physical signs (including infrequent splenomegaly) profuse redolent 
sweating loss of body weight, fatigability with absence of prostration 
joint manifestations and neuralgias not so common or severe abdominal 
pains more prominent even leading to unnecessary operation orchitis 
less commonly prostatitis, and \csiculitis 

In the ambulatory type first referred to by Shaw, the symptoms are 
said to be entirely absent, or are limited to a few da>s of low fe\er The 
only proof of the existence of the infection ma> be the presence of aggluti 
nins in the blood and occasionally of Brucella melilensts itself there while 
ID the urine although normal in appearance, the specific organism has 
sometimes been reported m enormous numbers (22 000 per cc ) and m a 
highly \irulent condition In other cases the fever may last for only 
about 6 days but the weakness and irritability may endure for weeks 
In some of these cases the diagnosis has been made by blood culture 
Some of these cases are probably regarded as attacks of influenza 

In Hughes and Bassett Smith s intermediate type the particular 
features are a more or less daily mterroiiung temperature, the fever being 
less intense but more hectic in character than in the other types The 
onset is generally insidious the general course rodder and relapses are less 
frequent but constipation sweats joint pains and neuritis may 
present However in such cases at any time the fever may change to 
that seen in the undulatory or malignant types 

On account of the failure of many cases of the disease to conform to 
any one type perhaps a consideration of the more prominent symptoms 
as they occur m all these different types may give a more concise idea of 
the chmcal picture of the disease rather than an attempt to classify them 
into rigid types 


Detailed Considerabon of Special Sjrmptoms The elevation of tempera 

tuie IS clearly the chief aad sometimes the only choical mamfestation 0/ ucduJaot 
Tie pyrena is cbaracteneed particularly by its variability in degree and duration an 
in the tendency of the daily maximum and minimum temperatures to form more or 
less definite waves or undulations of varying character and length These waves 0 
temperature however throughout the course of the disease may never be very rnarxe 
or striking There may be only one wave or there may be a secondary period of feve 
which might be referred to as in the nature of a relapse The periods of fever are no 
sharply marked as they often are in African tick or European relapsing 
example and it is only in rather exceptional instances that the climaan may be able 

recoffniae repeated undulations in the temperature throughout Its course 

In earlier years owing to a lack of knowledge of prease laboratory methods for U 
diagnosis of infectious disease there was a greater tendency for the physiaan to y 
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that the percent ge of recurrences may be mcieased as these cases are studied over a 
longer penod In Kern s collected cases undulations of fever were present m 9 of the 
s m which the curve was given Hardy observed very few temperature curves of the 
malignant type and only a small percentage of these had definite undul tions How 
ever del num occurred in 6 of 'iimpson $ cases m which the fever reached great he ghts — 
106 to t07 F Hardy found the intermittent type not uncommon and followed by 
ot e or two relapses usually of short duration which came after a few days or even after 
a period of months of apvtciua The usual chact showed an intermitte t fever the 
temperature gradually mcr asicg dating the period of invas on and disappearing by a 
slow lysis In ambulatory eases the height of the temper ture was variable and was 
readily increased by overeieltion Both Hardy and S mpson found that the e was 
often a g e4t dispanty between the accepted sense ot feverishness and the evtent of the 
feve as register^ by the cl rucal thermometer In oiany instances the pat ent neither 
presented a feb leappearacce nothadhecompUuiedof fe erishnes butthephysc n 
found to hia great surprise a temperature of 02 to 1 3 T Hughes also called atten 
t n to this condit on in a study of the Mediterranean cases 

Chills and sweats are striking symptoms in many cases and are ob ously con 
ected w th the fever and laSuence its fluctuations Sweating was so chsractenst e a 
feature in the hied tetrasean eases that in Italy the disease was desrribed by Tomaselli 
as febns sudoralis on account ot tbs symptom Hughes compared it with the night 
sweats ot phthi is and those accompanying the hectic fever of other suppurating con 
ditiena but remarked that it was much more profuse The condition is most deb Ii 
t t Qg and depressing and teems to increase in seventy as the disease progresses end 
the patient becomes weaker These profuse p rspirations follow the diurnal fall of 
temperature their time cl on «t being governed therefore by the pyrexial curve of each 
individual case In the greater numtwr of instances the sweating oe urs b tween tt 
I m and a or 3 the n« t momiat Simpson also found that the peiapiiatioii 
usually occurred during the early mor mg hours in about one half of ba eases and w at 
of a drenching ch racter H remarked that in 2 such pat ents the sweats were the 
most impressive feature of (he disease since the venae of weakness is pronounced during 
and isnediately after tbs eapenence Hardy also noted sweating s the most distinc 
tive feature of the disease wbch occurred n 84 per cent of bs cases In 53 per cent 
the sweating was profuse or moderately so It usually occurred soon after midnight 
and was of short diratisn In a smaller number of instances however it was quite 
prolonged neces itatmg several eba ge of linen during a single mgbt 

CbiUincss or true ch Us in the penod of inv sioo of the disease has already bee 
referred to However dunng tbe course of the disease rblli ess and true rigors also 
occur Ii 4 of S mps nscases Chech Us usu llyoneaday wereof sufficientseventy 
to be regarded as Clue n ors However uSofhsp t ents who eipenenced fe e and 
sweats chills were absent True chills were ai o a feature of mo e than one tbrd of 
Hardyscas s thoughinbut trpercentddin rethantwooccur \\h nthey ppe red 
early they frequently led to a di gnosis of pneumo a end when they developed dunn; 
the course of the disease and seen red regularly they sugg sted m 1 na In an occa 
Sion lea eth e was more than one in abut one patient reported a day f r several 
daysinsucce sion and another stated that on one d yhehadg In bs mild infections 
ngots were not noted bat in tbe severe cases they wert c mm n In Kern s casts 
drenching sweats were reported n and { auk cblls ui 8 

Vanations m Fever — Orpen m his discussion of 3s cases of abortus 
infection m South Africa expresses the opinion that the fever curves are 
more vanable than in true hlalta fever Vivianni found the fever in his 
Italian patients to be rather of the conttnued type more often than is 
usually described in the Mediterranean cases and Fiscal and Alessandrini 
likewise repotted fewer undolations of temperature in their cases suspected 
to be of bovine origin Gioidatto and Sensetuch emphasize m their cases 
m tbe United States the relative infrequency of the classical undulant 
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stress upon the type of fever for diagnosis and todeed sometimes to attempt to diagno e 
the infection by the type of fever More or less rigid descriptions of febncular can 
ditions thus found their nay into the literature 

In the classical undulating type of Hughes the temperature usually rises gradually 
through a neek to lo days to between 103 to 104 F It is usually of an interiDittcnl 
character rising torvards the early afternoon or evening from * to 4 degrees reaching its 
maximum usually by 6 p m and falling during the night the patient sn eating profusely 
in the early hours of the morning After ■ to several weeks of such fever the tempera 
ture begins to abate gradually and nuld cases may reach normal in 3 or 3 weeks Ibis 
may end the attack In the majority of cases however after a few days of relative or 
absolute apyrexia have occurred the temperature begins to rise again gradually 

reaching toy to 103 F and thepatientsuScrs from a second attack of feverresembling 

the first Other attacks or relapses of fever may follow through several months 
There is usually a tendency for the relapses to decrease in length and seventy as Ibe 
disease progresses The waves of fever may average from 7 to 10 days m length or 
more rarely they may be as long as about 3 weeks or even longer Hughes reported 
the average number of relapses was 3 or 4 but as many as 6 or 7 frequently occurred 
Intervals of apyrexia between tbe relapses were usually from 3 to j days but might 
vary from i to 10 days lo Hughes senes of cases of this type the duration of the 
fever varied from *0 to 300 days the average duration being 60 days and the avera e 
stay in the hospital 90 days 

In the intermittent type tbe fever also often begins insidiously assumiog aa later 
miltent character with distinct daily intermissions and the dmmsl range may be is 
much as 3 to 4 degrees However the fever in this type is usually less intensive and 
may only lange from 99 or 100 F in the morning to toi to 103 F in tbe afternoon 
Sometimes the temperature suggests a septic condition and may continu lot several 
months without further symptoms except sbght sw eats constipation increasing debiLty 
and anaemia The general course of the disease however is usually mdder than in the 
undulant type and the relapses are less frequent 

In the ambulatory type the fever is often even more benign and irregular than in 
the intermittent one and the patient may either sbo v very slight or no symptoms or 
may complain merely of some weakness and of being feverish San Reman found this 
ambulatory type to be very common in the outbreak which occurred m Sjiam m 19 4 

In the malignant type the temperature often rises more suddenly at the onset and 
the fever becomes of the high continued type reaching 104 or 103 or occasion by 
106 F or even 108 shortly before death Hyperpyrexia although rare is a serious 
and often fatal complication W hile it may appear at any time during the course 0 
the disease it usually follows a continuously high temperature either early in the mabg 
nant cases or during a severe relapse 

Eyre in an analysis of 1000 temperature Curves of European eases found 50 
cent with remittent 36 per cent with continuous 14 per cent with intermittent fever 
and hyperpyrexia in 3 per cent . 

However it should again be emphasized that the majority of cases of undulant feve 
cannot be classified as conforming to any smgle one of these types hat is more oite 
seen is the combination of them or successi e transformations from one type ^ ' 
other In many cases the irregulanty of the temperature chart partially or compw e j 


hides the succession of the relapses or waves of fever ■ 

Thus Hardy found that in a study of the teir peratuie charts of the cases he ^ 

in the United States he did not encounter a single chart which conformed rlo ely to t 
undulant fever type so frequently desenbed as characteristic of the Mediterranean case 
A few of Hardy s cases showed definite nndulations with periods of apyrexia altbou? 
all had a rather low grade fever Although complete temperature records were m 
available in these cases he thought that undulatory pyretial relapses occurred m 
than 15 per cent and in these this feature was rarely outstanding ‘^impson Burr ng 
Sensimch and Giordano also found recurring febrile relapses the exception rather 
the rule Pecurrmo undulations of fever appeared in only ii of Simpson ® ^ 

In 80 per cent the patients experienced but one febnle period lasting from 0”* 
sev eral months and finally reaching the normal level by lysis He points out how* 



UNDDUkMT FEVES 775 

insufficiency Penc4r(Ltis bas been reported in a £atal case and mycotic aneurysm of 
the basal artery m two cases 

Phlihif s bas been observed m some instances Ivarson bas also reported tbrom 
bosis of tbe femoral vein in a fatal ease \ioUe states that phlebitis as a comphcation 
IS not very uncommon m France He however gives no details of any speahe cases 
Hegler also has reported thrombosis of the veins in i fatal cases However m neither 
of these was Brucella isolated at autopsy 

Haemorrhages — Epistaxis is not common at the onset of the disease 
but not infrequently occurs during its course and in severe cases haemor 
rhages from the gums intestine and even the stomach have sometimes 
been reported 

Passett Smith has referred to a fatal case in which the haemorrhage from mucous 
surfaces hastened death. Castanni reported marked haemorrhagic manifestations in 
a boy of 3^ years of age Profuse cpistaxts occurred m the second week Following 
this punctiform subcutaneous haemorrhagic spots of variable size appeared over the 
entire cutaneous surface but especially on the lower limbs ^^lth the subsidence of 
the fever the lesions disappeared However 40 days later a relapse occurred and 
baemoirhagic spots were again present with transitory oedema of the eyehds bands and 
feet Tbe haemorrhagic manifestations later disappeared with the fever and tbe patient 
recovered Bassett Smith hlanson Bahr and Castronovo have also noted purpunc 
baemoithagie les one Poddigbe has particularly emphasized baemorrhapc nan fesla 
tioBs in an epidemic of tbe disease in Sardinia in which the cl meal p eture wae tbat of 
an e tremely grave haemorrhagic septicaemia with haemorrhages from tbe kidney 
lung and serous membranes Ivarson bas rep rted t and Bousefield 1 eases with intes 
tinil haemorrhage aU terminated fataDy 

The blood pressure m those instances in which it has been taken has been usually 
below normal Hardy observed tbat a low blood pressure though rarely of marked 
degree may occur late in the disease 

Blood — The blood bas been studied id European cases by Bassett 
Smith and by Kainsfoid (1935) and tn the United States recently by 
Simpson and Hardy Kem Munger (1939) and others Similar changes 
have been noted by all of these observers A secondary anaemia is usually 
present varying in amount according to the seventy and duration of the 
disease The red blood corpuscles become gradually reduced m number 
as the disease progresses together with a loss of the haemoglobin In a 
few instances the red blood count bas been normal The lowest recorded 
count by Basset Smith was 2 500 000 and by Kern 2 800 ooo Nucleated 
red cells are rarely seen Bassett Smith found in some cases microcytes 
and macrocytes abundant and metacbromatism or minute basic stiplmg 
of the cells as seen in lead poi oning malatial cachevia and several other 
conditions The white cells are abo usually decreased in number and 
the polymorphonuclear cells relatively decreased while the lymphocytes 
are increased However the leukopenia is often not marked 

Simpson gives the c u t f white cells in 90 casts as a rule of 4000 to 6000 with 
a lymphocyt s s ba g occurred la aU but xa of Jus cases In 8 tbe lymphocytosis 
exceeded 30 per cent In only a cases did tbe leucocyte count exceed 10 000 and m 
the remaining o cases it was wiUun Doimalhimts Hardy abo found that the diSer 
ential count usually revealed a lynspbocytos s with large mononuclear celb ptedoim 
naunga ds me pathological forms while Ibe miHaophils a d basophils did not show 
any es e ti 1 ch nge from the normal A leuncytosis is uncommo but has be 
reco d d in a few instances partioila ly when compbcations bave supervened 
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type of temperature so often described m Brucella mehleniis infection 
Hardy also says the one feature which overshadows all others in the 
description of undulant fever of capnne origin is the undulatory type of 
temperature a rare finding m that of bovine or porcine origin He further 
suggests that the rigors are a more striLing feature in the cases of bovine 
or porcine origin than in those of caprine origin He emphasizes that the 
fever of bovine or porcine origin is most commonly of the intermittent 
type in contrast to that of caprine ongin, where the undulatory type 
predominates 

Circulatory System — Cardiac irregularity and palpitation from slight 
exertion and precordial pain are often present during the course of the 
disease Such an irritability of the heart has been frequently referred to 
in the reports of the European cases and has been attributed either to 
implication of the vasomotor nervous system or to direct irritation of the 
cardiac muscle by the tonns of Brucella present in the circulatory blood 


Hardy in the American cases alsa noted palpitation and the symptoms of aa 
irritable heart occurring dunng the course of the disease Duzmess was at times con 
plained of either early m the course or during the height of the disease Blurnog of 
vision was a symptom noted by Giordano and Ablesen in j of their patieoti with bo 
objecUve physical signs to account for it 

In only exceptional cases has a diagnosis of myocarditis been made In general 
the pulse is usually elevated in proportion to the temperature The pulse is occasion 
ally rapid but other patients showed a slower pulse similar to that of typhoid. Kern 
notes one ease in which tachycardia was present but no case with bradycardia Siap 
son on the other hand says that in 6o per cent of his cases the pulse rate was dispto 
portionately slow during the febrile periods In the remaining minority the elevation 
of (ever was paralleled by a proportionate increase in pulse rate Cardiovascular 
symptoms were not regarded as of importance in most of bs cases Ilaemic murmurs 
have been met with parueularly in anaemic and debilitated subjects and m association 
with cardiac comphcations 


EndocardUis as a complication has been referred to in the discussion of 
the morbid anatomy Hardy has reported symptoms and signs of mabg 
nant endocarditis in of his fatal cases, in which however there were no 
necropsies 

In another case a patient with a past rheumatic history and a well-compensated 
mitral lesion developed an auncular fibnJlation early in the attach Throughout 
illness cardiac s> mptoms were prominent and following the subsidence of the fever 
failed to gam and died a few months later De La Chapelle has also reported one ca 
of fatal endocarditis which he bekeved was due to Brucrtta mehiensts Basse 
Smith found that it occurred twice u a senes of 750 cases but the details are not given 

Pericardial effusions may also occur In 2 of Hughes cases in 

the effusions were extensive death occurred one on the nineteenth and the 

other on the sixty second day of the infection and v egetationa upon the 
mitral valve were present m both 


la DeLa Chapelle s case roentgen ray examination showed enlargement of the he 

and at necropsy the pericardial cavity contamed fully joo cc of fluid In Eos 0 
case the patientsuSered from palpitations dyspnoea and oppression andatthenecroiwj 
there was extensive hydropencardium l^pertrophy of the left ventncle and aor 
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was also cultivated from the spleen Carpenter and Boak and Chapman 
have recorded 3 instances with negative agglutination in which they 
isolated Brucella abortus and Evans (1939) has reported four such cases 

Tayl r and his associates (1938) >n France succeeded in isolating Brucellae from 
39 specimens of blood which failed to produce agglutination or agglutinated in t ters 
of less than i 80 and of these 39 specimens were collected 30 days ot m re after 
the on et of the dise se The inter agghitmalnUty between strains of Brutella Pas 
U Telia and PJeigerella by specihc serums is still a debatable question among many 
investigators Mallmann and others have obset ed a high degree of inter aggluti 
nability between stra ns of these groups 

Blood Culture — During the early and acute stages of the disease the 
organism can frequently be isolated from the blood by culture In o 
cases m which blood culture was made in the United States in 10 (50 per 
cent) one or more positive cultures were obtained In 10 patients in 
which from one to 4 cultures were made all were sterile In one of Simp 
son a cases the organism was finally recovered from the blood after 6 nega 
tive results In 10 of his patients admitted to the hospital the organism 
was isolated from the blood in 7 

HuddleMO (1937) made cultures on bactero tryptose broth from the blood of 55 
caiei of brueellos s m Malta Of these eases 38 were febrile and 7 afebrile at the 
t me he made the culture Positive euliures were obtained in 3: cases of the former 
group a d in 5 of the Utter 

Taylor ( 93S) in F a ee obtained po itive blood cultu es in 35 per cent of the eases 
which gave an agglutination reaction in t 80 or above The percentage of positive 
cultivations increased v th the agglutinai on titer of th blood usl 1 it reached 8 
^{ter this dilution of agglutination there was no significant diflerence In other senes 
of cases the otg msm has been totaled from the blood by culture m from 54 to 81 per 


Respiratory Symptoms — These vary greatly according to the seventy 
and length of the disease Catarrhal bronchitis has been frequently 
encountered m the later stages and broncho pneumonia is not uncommon 
The 3 fatal cases of 53 reported by Gozzarini succumbed to broncho 
pneumonia In cases of long standing there is always more or less 
hypostatic congestion and in the rapidly fatal or malignant type hypo 
static pneumonia may occur Hughes found evidence of basal congestion 
in 95 per cent of his protracted cases Hardy noted in a senes of 175 that 
more than one third of the patients had a cough some with mucoid or 
mucopurulent sputum while 10 per cent of his cases had moist and dry 
rales indicative of bronchitis In 2 of the severe infections the diagnosis 
was broncho pneumonia In one a pulmonary abscess developed at the 
end of an infection m which the respiratory symptoms had been prominent 
throughout It is not clear that the abscess was related to the Brucella 
infection In the senes of 26 cases which Rern analyzed pulmonary 
symptoms were markedly absent or unrecorded A few rales were noted 
m only one case and in another a roentgen ray picture of the chest showed 
only peribronchial thickemng In the cases studied by Basset Smith and 
Hughes pleurisy either dry 01 with effusion was found to have occurred 
rarely However Halbron Pisam Banalhon and Poddighe in Europe 
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Rainsford (1935) m a study of the disease m Malta, in genera! con 
firms these observations He emphasizes the value of leukopenia as an 
aid to a differential diagnosis This m itself will distinguish it from many 
other infections In his blood counts the leucocytes vaned usually 
between 6000 and 10 000 He found that a rise in the total white cell 
count and in that of the mononuclears was usually accompanied by aa 
improvement in the condition of the fKitient even in cases where the 
leukopenia persisted As the cases improved the mononuclear count 
increases 

Munger (1939) in the study of cases of vteliSensts BruccUostt noted that oianv 
of the mature small lymphocytes are larger than normal varying from i J-14 m m dia® 
eter and he has termed them pathologic lymphocytes As many as 30-80 per cent of 
the lymphocytes appeared to be of this type and they were found m 40 per cent of the 
patients 

Sabin (1934I by supervital staining found m cases of brucellosis an increase in a 
type of monocyte which is similar morphologically to one which has been assoaated 
with various forms of hepatic involvement and described in catarrhal jaundice Isaacs 
has al 0 observed this cell which be called the liver damage cell in the blood of sll 
the cases of brucellosis he examined 

Iluddleson (1940) has noted that in patients infected with UritceWo rw/iieiw'* during 
the period of fever there may be a marked basophilia of the granules of the nuclei 
perhaps associated with temperature elevation lie believes that it is characteristic of 
we/ifeurij infection since it has rarely been encountered in svu and cborlus infections 
The granules are sinulat m size to Brucella and stain similarly 

Agglutinins — ^The blood also usually shows the presence of agglutinins 
and sometimes of other specific immune bodies, as haemolysins The 
agglutinins may appear in the blood by the fifth or sixth day after the 
onset of the fever and can often be demonstrated in very high dilutions 
In other instances they may not be demonstrable until after the tenth dav 
of the disease The reaction may in some cases be present in the blood 
long after recovery from the disease 

Hardy examined from 45 of bis patients blood sera collected r* or more months 
after the illness had been first diagno^ Of these 15 failed to show an agglutination 
m dilutions of above 10 In S other cases the serum became negative in from 5 to 
9 months 30 still showed agglutimns in tilers of r 40 or higher after i* months but m 
«9 of these the findings indicated a marked reduction of titer The thirtieth w ss a 
case of prolonged infection Hiree men had persisting titers of x 80 and i loo 
several months Hardy concluded that on the whole the tendency seemed to be or 
specific agglutimns to disappear rapidly following chntcal recovery from undulant fever 
In Keefer s patient the titer fell from a maximum of t 20 480 during the disease 0 
130 four months after recovery In one of Kern s cases with a maximum titer 0 
I 5120 It fell to I 640 a week after defervescence In a study of Che reaction in 33 
cases occurring in the United States Kent found that the highest agglutination was 
Keefer s patient (t 20 480) the lowest (r 30) m a patient from whose blood serum a 
strain of Brucella abortus was isolated 

On the other hand infection may occasionally occur without any pro 
duction of demonstrable agglutimns and this has sometimes been foun 
to be the case even when the organism has been isolated from the bloo 
Archibald has recently reported a case of this nature with a negatt’'’^ 
agglutination The case resulted fatally and at autopsy the organism 
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ptrformed on patients mth unduUnt fever m whick the pathological e amination 
revealed no evidence of any active mfiammetory processes in the appendices or gall 
bladders Mili. oper ted upon a case in a boy of ti years in which there was marked 
abdominal tenderness over McBurney s po nt and ngidity of the abdominal muscles 
The appendix was found acutely i flamed and was removed hile after operation the 
abdominal pain disappeared the fever continued with daily fluctuations and an agglu 
t nation test for Brucella abartus v/a.s then made aod was positive in a dilution of i 320 
Hardy also notes that abdominal pain was definite and severe m 70 per cent of the Iowa 
cases sometimes contmuous and sometimes cramp hke The localization was incon 
stant appearing in some in the right lower quadrant or in almost any region Hardy 
also emphas zed that this symptom must be particularly borne in mind as it has led to 
erroneous diagnoses and to needless and often harmful surgical procedures 

Const palion is usually present Hughes observed it in about 81 per cent of the 
cases which he descr bed It is often accompamed by flatulent distension and dis 
comfort It occurred m one half to two thirds of Ha^y s cases m which its degree 
paralleled the gravity of the infection Simpson noted that the out landing feature of 
the gast o-intest nal effects of the disease was constipation which was present m two 
third of his e ses Generally speaking diarrhoea is uncommon However m the 
mal gnant type of the disease both Hugbe and Basset Smith say that it may be present 
with bilious stool Hughes found t present in 4 per cent ef his total cases S card 
andLucss have also reported eases with dunboea Diarrhoea was absent in Simpson s 
cases With reference to this symptom Hardy says that a specific diarrhoea rarely if 
ever occurred while ui Kern s senes d ar boea occurred in ? and alternated with con 
stipat on in others 

Intest al haemorrhage has been referred to by Bassett Smith htodioos Lagnffoul 
AraalandRoge BousEeld and Iva sson Several of the cases terminated fatally In 
some instances with lotestiaal haemorrhages is which at necropsy ulcerations of the 
small intestine were present a diagnosis of concurrent infection with typhoid fever or 
tuberculosis of the intestines has been suggested G iSn has reported the only lastaaee 
in thi country where there was a suggestion of intestinal ukrration and this evidence 
wss obtained particul ly by roentgenray erarunation Simpson notes that meteonsm 
which IS common m typhoid fever is rare in undul nt fever and was the source of com 
plaint m only 4 of his cases S.gent has reported a case of undulant fever which was 
compheated by ulcer of the stomach with baematemess Ascites has been noted by 
several observers m cases which have died with compbeauons 

Spleen — The spleen is almost always swollen and it is often tender 
on pressure in the early stages of the disease There may be a dull 
aching pain m the left side under the ribs The spleen is frequently 
palpable below the costal margin by the end of the first week In advanced 
cases which have lasted more than several months the condition of the 
spleen may come to simulate that observed in splenic anaemia 

The size and ebaogea m the spleen have been fully discussed under the morb d 
anatomy Bassett Smith Sacqufptr \ loUe and Mauson Bahr ui their chn c Id scrip 
tions of the European cases all emphas ze cnl rgement of the spleen Bassett Smith 
s }sth t It IS always enlarged and VwDestates that it iseasily palpablem tbemaionty 
of the cases Manson Bahr b beves that enlargement of the spleen sh uid be con 
side ed a prom nent f ctor m diagnosis In the United States in Kem s Hardy s and 
Simpson s senes the spleen is noted s enl tged or p Ipable in one third of the cases 
In 4 of S mpson s cases the spleen reached to [tarn 3 to 8 cm below the costal margin 
m the remaining cases (when e la grd) it was palpable on deep inspi tioo at the level 
of^the nb margin or just abov il Hardy also found that m rked enlargement of the 

The lymphatic glands of the neck and g oin may show hyperplasia but no suppu 
ration occurs Simpson observed nocaseof ge erahxed lymphadenop thy However 
adenopathy was p esent in 2 of K mpmeers eas s reported by Kern In one the 
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and Scott and Saphir, and Jenkins in the United States have reported 
cases in which pleurisj , either drj or with effusion was present 

Ilalbron found that in some cases the symptoms of pleunsy were apt to recut 
with the relapses and to coincide with the enlargement and volume of the spleen The 
pleural symptoms occurred particularly at the base of the lung which suggested that 
there might be some extension of the infection from the spleen Hughes found that 
when pleunsy was present it usually affected the left side On the other hand Pisani 
found the pleural pulmonary symptoms occurring more particularly on the right side 
near the pulmonary apex Inanumberofcasestheralesinthelungs hightcnperatuie 
and night sweats have led to the diagnosis of tuberculosis Bassett Smith points out 
that cases with a hectic temperature sweats and pulmonary signs have often been 
diagnosed as Jfediferranean phthisis Coffin and FamuJener have reported a case 
in the United States in which night sweats glandular enlargement and sight cough 
suggested tuberculosis One of Ifardys cases was also diagnosed as miliary tuber 
culosis In many of the cases with pulmonary symptoms the coexistence of an old 
tubercular infection should be considered Such an infection might very well mcrease 
mseverityowingtothedebiluatedconditionofthepatient Pisani Terxani Sappaand 
Bethoux have emphasued the occurrence of this pseudo tubercular form of undulant 
fever The disturbances censi t of simple catarrhal pleural pulmonary congestion 
often associated with a bloody sputum and occasionally with a general haemoptysis 
Pisani found this complication in t$ cases of a total of 75 

It seems probable that BrutttU has not been isolated from the sputum even >a 
cases with pulmonary symptoms However there have been severs! unconfirmed 
reports of such isolation 

Djgeshve System — The appetite and power of digestion decrease in 
proportion to the seventy of the disease Anorexia is usually present 
while the fever is high but in the mild or prolonged cases with intermittent 
pyrexia the patient may crave and partake of more food than he can 
properly digest 


Anorexia was present in three fourths of Hardy s patients and in one half of Sunp 
son s The breath is usually foetid and patients complain of a disagreeable taste in the 
mouth The tongue becomes coated with a yellowish white fur early in the disease sod 
in severe cases it sometimes later becomes red at the tip and edges tumefied dry so 
brown in the center with sometimes patches of denuded surface epithelium 
and Jilenefee (1938) have reported a case with pnmary oral lesions resembling somew ha 
thrush infection in which BructHa was isolated from the ulcerated mouth lesions Si^s 
of gastnc and more rarely of intestinal catanh may be present in the early stages wH 
occasionally nausea or vomiting occur In the malignant case vomiting may som 
times be severe Castellani emphasues both the seventy and persistence of ■ 
compbcation in such cases Hardy found nausea alone present in 8 per cent ot 
cases and in association with vomiting m 13 percent The digestion is usually imP^'* 
and the epigastrium is tender on pressure Tenderness in the ibac region usually is d® 


elicited and is not so frequently encountered as in typhoid fever 

Abdominal fain was observed as a major complaint by Simpson in 16 of his Day 
cases This symptom was most common eariy in the course of the disease ^ 
the cases the pain was located m the epigastrium in 4 it occurred in the right “PP 
Quadrant while in 5 it was most marked in the r^ht lower quadrant Appendtc 0 y 
was performed m 4 cases in which there was sudden development of nght lower 
pain accompanied by fever In one mstance gangrenous appendicitis developed u^^ 
the third week of illness In 3 other cases normal appendices were removed In 
the surgeons requested agglutination tests for uodulant fever after operation m 
effort to determine the cause of the abdominal pam In one case cbolec^tectomy 
contemplated because of the development of sharp upper nght quadrant 

Simpson mentions in addition 12 appendectomies and a cholecystectomies whicn 
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tionof 5 r«£irHatoabortioaisdiscusstdliiJd«rPATHOLOBV Brucellamelil n whasbeen 
sho^n to remain for long periodam tbe vaigua ^Xainwnglit has reported the remo al 
of a cystic ovary from which a pure cnltnieof £n(cei{a«ef»(enjtr was obtained si^ years 
after onset of the di ease Knsten and Halm and Amoss have also recently isolated 
Brucella aiorlui from ovarian cysts The action oi the toxin on the niammary gland is 
frequently evident and in nursing women the milk usually dries up after a few days 
e en when mastitis docs not occur While Bruc Ua m Itlensts has often been found in 
the milk and nursing infanta may be infected from the mother it is unusual to find the 
disease in children under one year Tomaselli and several other observers beheve that 
suckling infants acquire a certain aroount of immunity Cal es al o d splay a certain 
amount oi immunity to infection 

Tie H frequently shows a trace of albumin and in severe case Be sis and 
Scho 11 have each found albuminuria well marked The urine is usually scanty and 
high colored in those cases where much diaphoresis has occurred Several instances 
have been reported in which the disease was complicated by glomerul r nephritis 
Pickwick has recently reported a <^se in which considerable albumin peiisted even 
during early convalescence numerous hyaline and finely granular casts and an occa 
iional red blood cell were present In 13 of Kero a cases m which the urme was exam 
1 ed at ace of albumin was found m 4 instances casts were found in 4 andpyuriiwas 
pres ntui one S ce the majority of cases of undulant fever show no narked albumi 
una when such a condition is present it suggests that it is not directly dependent upo 
tha Sfuuits infection 

In seme oi the fatal cases subacute chronic nepbiitis also has been pre ent Baas 
t up and Sehoull have each repotted a case complicated by uraemia Bassett Smith 
mentMDS also that b eraatuna may occasionally occur and Foddighe has recently 
reported a case in which Ch s symptom waspromirent Profuse haematuna appeared 
first on the ninth day of ilbess and the blood continued to be present for 40 days 
Fever continued on and oS for 5 months The org nism as isolated f m the blood 
in this case CastelUni mentions that bile 1$ sometimes present m very severe eases 
kern noted urob hnuna id one c se Ha dy thought that m some of his cases the 
presence of numerous pus cells in the unneindicated either econdary inlection orlucali 
zat on of the sp cific infection in the genito unnary tract A few were first treated as 
cases of cystitis or pyelitis Burning pain on micturition or frequency of t though 
trarsientin natu e occurred in II percent ol tbecases In netherewa a persistent 
but possibly unrelated pyelit s 

Brucella h s f equently been isolated from the urine in h man cases of the di ease 
However theorganismi eliminatelveryirregularly In 8 cases in the United St lesm 
wh ch cultures were made from the urine the o gamsm was isolated from a 

Nervous System — The implication of the nervous system has t een emphas ed A 
numbe ol invest gators incl di gllughes Eyre Bassett S mth Gentry and Roger ha e 
all pointed out that the organ sm and its toxins appear to ha e a selective 1 fiuence 
upon the net o s tissues This neurotropism is more p ticulirly peripheral but may 
be also central Accompanying the fever headache pains in the Umbs get fatigue 
despondency and uisotmiia are part cnl tly common in the early stages of the d se se 
0 during Its course InH dy s cases insomnia was e perienced m 50 per cent dunng 
the height of the d sease Later there may be a hypersensitive state of the nervous 
system characterized by marked restlessness imtability or grave apprehens on and 
neutaig c pains particularly in the muscles subcutane us fas la or about joints 
Delir urn or hallucinat s m y also occur In a case repo ted by Broc and Bonan the 
p I nt remained delirious for 8 d y» without cess lion night day She e e tu Uv 
made a good recovery and bad « xdapse of the fever one month later 
occurred in 6 per Cent of Simpson • cases In severe infections more marked nervous 
symptoms may also b obser ed as the r suit of irwtaUve lesions of the central nervous 
system and peripheral nerves nd bulbar symptoms a d those of men ngit sad 
neuritis m&y occur 

Van us forms of neur Igiah e been observed in f omsoto 75 per cent of the cases 
and make their appearance pa ticnlaily when tie disease is well advanced While 
almost any nerve may be in ol d the sacr 1 suauc intercostal and perineal are mote 
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lymph nodes were generally enlarged pea to nut sue and in the other the cervical 
glands alone were involved hlanson Bahr la the report of 6 cases found the cervical 
glands enlarged in 3 and the inguinal id 3 while in t the symptoms were referred to the 
intra abdominal glands at the portal fissure which hesays if unrecognized might lead 
to the suspiaon that the patient was aaSenng irom some affection of the gall bladder 
Giordano and Sensenich found the asUaiy gUncU enlarged and tender in one of their 
patients a veterinary surgeon They thought the lesion could be attributed to repeated 
infection from operating wounds sustained in handling infected cattle Apparently no 
bacteriological examination of the axillary glands was made Castellani mentions that 
inflammation of the parotid gland sometimes occurs Amoss {1936) reports that a 
culture from suppurative cervical lymphadenitis simulating tuberculosis infection 
yielded a culture of Brucella The isolation of Brucella from the lymphatic glands in 
Hodgkins disease is discussed under Diagnosis p 79S 

Liver — The liv er may be more or less swollen and tender on pressure In 'Simpson s 
senes it was noted as palpable below the costal margin in 4 instances Hardy also 
found the liver occasionally definitely enlarged Giordano and Sensenich found the 
liver definitely enlarged in a of 35 cases DeLa Chapelle has reported a casein which 
It was considerably enlarged the tofiet edge reaching almost to the umbilicus Htgler 
has repotted a fatal cases in which atrophic cirrhosis of the liver complicated the disease 
Jaundice has been noted in rare instances and cholecystitis has also been reported in 
which pure cultures of Brucella meli/ensts were isolated from the gall bladder by Bull 
and Gram Amoss and Poston Gilbert and Coleman and Giordano and Sensenich 
Gemto urinary System — Orchitis is a not uncommon but a vanable condition la 
undulant fever Kern in his study of *6 cases says that it has not been observed m 
human oiorfKJ infection However Hardy found it in 4 and Simpson in :6 cases It 
IS more commonly unilateral than bilateral and often very painful but it ususuy only 
lasts a abort time and does not suppurate nor end 10 atrophy of the testicle If there 
been much effusion into the tunica vaginalis the o^n may remain fora time someshst 
enlarged and tender In other cases there may be neuralgia or an mSammatory epi 
didytmlis without visible orchitis Simpson pointed out that in the study of his cases 
there was convincing evidence (hat Brucella aborius exhibited the same seiKti'eity jot 
the genital tract of human beings as it does in cows and bulls painful swdling of the 
testes being a prominent feature of the disease in 16 cases He points out that 
was also found in 3 of the Dayton patients of seminal vesiculitis prostatitis epioioy 
mitis and orchitis in which the history and laboratory examinations ehminated gosor 
rhea from consideration The sera of these 3 men agglutinated Brucella abortus in 
dilutions from i 160 to i 640 The organism was recovered in one case fromauramihg 
sinus tract which extended from the globus major of the epididymis through the scro 
wall In a case reported by Leavell there was epididymitis and the epididymis was 
removed However cultures from it and from the seminal fluid were negative 0 
Brucella Bevan has reported an instance in which there vras seminal vesiculitis «i 
blood stained semen and Manson Bahr has noted the occurrence in the male of frequen 


intermittent haemorrhages from the urethra i 

In the female ovaralgia ovantis njeostnial disturbances mastitis diminu ion 
the milk secretion and tendency to abort have been called attention to by many vvti 
Lafont has emphasized the fact that abortion and premature labor are 
ularly during the periods of high fever and he calls attention to the fact tM 
infection can pass through the placenta Williams has reported a case m whic 'i' 
tion of the child sn ulera occurred apparently through the placenta but 
comphcation the pregnancy went on to term with the delivery of a living child 0^^ 

ever during pregnancy there is increased dangerfromhaemorrhage bothonacco 

the changes in the blood and the loss of muscular tone m the uterus Neverthe s 
Brucella abortus infection abortion m women seems to be les common tMn “ “ . 
Abortion as a complication is not noted in K.em s American cases Hardy | 
but one infection during pregnancy the condlUon proceeding , /.pd 

and Franer however encountered s cases in women who had repeatedly aoo 
who presented no clinical or serological evidence of syphilis whose blood 
high agglutmation test for Brucella abortus Other evidence of the relation of 
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prostration imtability and puerilism are symptoms which have been 
frequently noted 

joints — Arthralgia is one of the cardinal symptoms of undulant fever 
as It occurs m Europe having been noted m approximately 40 per cent of 
the cases The joints become swollen hot and extremely painful but 
tt ithout redness of the overlying skin These symptoms may occur as an 
acute infection sometimes early in the disease but more often as a sub 
acute one in the later stages 

In the United States Simpsaa noted icndemest or pain in the joints id 31 of bs 
cases and id 4 the prese ce of migrating pain in the larger jomta led to an initial dug 
sosis of acute rheumatic fever Ifatdy also observed that tenderness in the region of 
the joints was not unusual and that pain on active motion was a rather frequent com 
pi int However hydrarthro is or saeUing of the joints was unusual in his cases 
occutnnginless than s pe cent In 5 of Iwem scoUectedcasesthe joint symptoms were 
prominent The lesions are often transient An acute or subacute effusion may 
appear usually in one joint at a time and it may be tscerdi gly painful on the shghtest 
movement Within 14 hours however the tender swollen condition nay disappear 
but the next d y another joint may be affected Sometimes the pain and t elling may 
remain in the joint for several days The hip knee shoulder a d ankle joints are most 
frequently lovoWed but almost any joint may be affected When the saero iliac or 
eitebral joints are involved the condiiioci is usuaDy especially painful In addition to 
saero iliac invobement Roger has also observed spondylitis in 5 cases The 2 chief 
symptoms were lumbar pam and stiffn ss of the spine The pain was severe especially 
at night radiatiog towards the thigb sometimes simulating sciatica There were 
symptoms of pyramidal irntaiion with changes in the refletes Simpson and Baker 
base each reported a casein which tmermittentbydratihiosis was present and in each 
instance Br ttlla was isolated from the joint fluid In Sakers ease the process of 
intermittent a d alternate swctlmge of the knee joints continued regularly for nearly 
? months and was accompanied by uregubr fever Thick fluid wee drawn off from the 
knee joints on *e eral occa ions and Bnuell-t abtrlui as cultivated from it as well as 
(loa the blood While neither suppuration or ankylosis usually ensues the stiffness 
may remain lor several weeks or months In 3 of Hardy s cases it persisted for more 
than months white ui 14 patients during convalescence mild or moderately severe 
joint pains occurred In a few instances coM abscesses ha e formed in the chon 
d ostetnal joints In one of these Rennedy obtained B ctlU mil lensit in pure culture 

Disease of the bone 1 man is evidently very tare Burnet Brun and Bo an have 
repotted a case of suppurative osteitis in a patient in which the symptoms bad relapsed 
3 times at intervals of 7 t so years and from which B ella mtl\l ir was isolated 
In this case the s pruration bad the character of a cold abscess Edwards (1937) has 
noted local zed abscesses m the bo es 

Burnet in the etpenm ntal infection of gu nea pigs with Bratillj mtl Unsis found 
that they freque tly developed arthritis Radiography showed ranfleat on and 
decalciCcation of (he b nes evidences of osteomjrelitis and involvement of the sut 
0 ndi g soft parts Hardy has also mentioned that joint and bone lesions occur m 
guinea pigs inoculated writh Cultures of Sr Ua atari 1 var luii W e 1 has reported a 
human case with aribnlis and osteitis of the nght foot in which the roentgen picture 
sh wed bony atrophy and blurred contours of the joints between the cuneiform and 
metatarsal bones The swell ng of the dorsum of the foot gradually subsided and 
ormal conditions were eventually restored 

Skin and Appendages — Tbeie is no characteristic rash in undulant 
fever Keiertheless various eruptions have been recorded by a number 
of observers The occurrence of petechiae or purpuric lesions in the skin 
or patches of subcutaneous ecchymosis have been frequently noted 
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commonly affected The pains are sometimes very severe Bassett Smith mentions 
a case in which the patient was almost completely helpless unable to move in bed or 
feed himself and where intense hyperesthesia of the feet aggravated tie djsrcm/ort 
Sometimes these neuralgias persist during early convalescence being often loalired 
in the intercostal nerves and the sciatic but occasionally in the ocapital In 29 per 
cent of Hardy s cases pain occurred u the back of the neck and was severe in one fourth 
of these The stiff neck and muscularsoreness with pam he observed was occasionally 
the first symptom of the disease Rarely it was so intense as to lead to a suspicion of 
meningitis Hughes called attenUon to localized pam m the plantar region The 
patellar and plantar refiezes are generally increased m the early stages but m chronic 
cases they may be decreased and other symptoms of peripheral oeuntis as tingling and 
pncklmg sensations or hyperesthesia are sometimes present Symptoms suggesting 
neuritis were reported in 3 of Hardys cases The neuralgias may terminate by a 
paralysis or muscular atrophy 

Sometimes there may be partial paralysis of a group of muscles which however 
does not remain permanently Hughes and Bassett Smith have both reported slight 

paralysis with loss of reQexes and the latter has described a case with ascending neuritis 
going on to transverse myebtis with complete paraplegia and all the attendant symp 
toms Johnsson has recently repotted a case in » hich there was well marked paralysis 
muscular atrophy and sensory disturbances m which Brucella was isolated The 
paralysis and atrophy involved especially the muscles of the right shoulder and induced 
a nearly complete paralysis of the nght scapulohumeral articulation 

Caatani and Grocco have noted bulbar signs such as disturbances of cardiac acd 
respiratory rhythm with uncontrollable vomiting not associated with a loss ol con 
sciousness In other eases they have observed mental symptoms v itb semi mania and 
periods of unconsciousness followed by a state of marked asthenia 

Henry Koger has also described several cases which showed some form of 
symptoms of central origin The first of these had occasional aphasia followed by 
facial paralysis while the second had very marked wasting of groups of muscles 
difficulty in walking and vertigo A third showed paraphlegia with involvement ol 
sphincters and positive Babinski sign In 3 of his other cases of undulant fever the 
spinal cord was involved and in t of these there was involvement of the nerve roots 
with marked paralysis of the loner Lmbs without involvement of the sphincters 

In young children the nervous system would appear to be often mote matleol) 
affected than in adults and a number of cases of meningitis in children have been 
repotted DiChnstina and blaggiore observed that in the meningitic type there was s 
leucocytic proliferation the meningeal encepbabtis show ed a preference for the rolanme 
area and in these cases convul ions and spastic paralysis might occur 

Leraaire who called attenUon to the frequency of meningeal symptoms m adults 
pointed out that pathological changes m the cerebrospinal structures have rarely been 
demonstrated Smith and Poston (1936) reported a case of Brucella menmgitis wit 
recovery The occurrence of meningitis is further referred to under Patholaty I'* * 
case which Lemaue reports the first marked symptoms were those of menin 
The case was first thought to be one of influenza and then ol tubercular origin bu 
later Brucella meliUnsts was isolated from the cerebrospinal fluid deaionstrabng 1 * 
true nature Both \iolle and Lemaire point out that in cases with meningitis 
cerebrospinal fluid may show an jnerease in albunun and sugar content while Lenwire 
remarks that its cellular reaction u lymphocytic similar to that observed in sypi» s 
and tuberculosis Roger found id the eTamination of the cerebrospinal fluid 01 4 
cases that it was normal in s while in the other » there was an increase m the albumn 
which was relatively large in companson with the lymphocytosis Suarez fo^J^ 
one case that there was a well marked albummal cytological dissociation there being 
only o 3 gm of albumin with 6 o cells to the c mm 

As a rule, the nervous s> mptoms in undulant fever are onij temporary 

complete reco\ er> usually following During early convalescence psychic 

phenomena are sometimes quite disturbing and changes in memory 
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prostration irntabibty and puenlism are symptoms which have been 
frequently noted 

joints — Arthralgia is one of the cardinal symptoms of undulant fe\ er 
as It occurs m Europe having been noted m approTimately 40 per cent of 
the cases The joints become swollen hot and extremely painful but 
iMlhout redness of the o\ erlying skin These symptoms may occur as an 
acute infection sometimes early in the disease but more often as a sub 
acute one m the later stages 

In the United States Simpson noted tendetness or pain to the joints 10 31 oi his 
cases and m 4 the presence ot nufratiog pain ut the U^er joints led to an initial diaf 
nosis of acute rheumatic fever Hardy also observed that tenderness in the region of 
the joints was not unusual and that pain on active motion was a rather fieq ent com 
plaint However byd arthrosis or sweUing of the jointa was unusual in his cases 
ccutnngin less than a percent In 3 of Rem scoUectedcases the joint symptoms were 
prominent The lesions are often transient An acute or subacute eSus on mav 
appear usually in one joint at a time and it may be exceedingly pai f I on the si ghtest 
m ment Within S4 hours however the tender swollen condition may disappear 
but the next day another joint may be aflected Sometimes the pam and s elling may 
ema n in the }Ont for several days The hip knee shoulder and ankle jo ts are most 
(lequentiy 1 volved but almost any joint may be affected When the sacro iliac or 
vertebral joints are involved the coo litwn is usually especially painful In addition to 
aaero iliac involvement Boger has also observed spondylitis in ; cases The 1 chief 
symptoms were lumbar paia and stiffness of the spine The pam was severe especially 
at n ght radiating towards the thigh sometimes aimulatiDg sciatica There were 
symptoms of pyramidal irncation wub changes in (be reSexes Siispson nod Baker 
h ve each reported a case IQ wbch uiiermittent hydra throsiswas present and tn each 
lostanee BructUa was isolated from the joint fluid In Bakers case the process of 
intermittent and altemat swelli gs of (be knee joints conti ued regularly for nearly 
7 months and Has accompanied by irregular fever Thick fluid was drawn off from the 
knee jo nts on several occa ions and Bn ttlla ahartus was cultivated from it as well as 
from the blood While neither suppurat on r ankylos s usually ensues the stiffness 
may lema u for several weeks or mooibs In 3 of Hardys eases it petsi ted for more 
than a months while m 14 patients du 1 g convalescence mBd or mode ately severe 
] int pal s occurred In a few in tances cold abscesses have foimel in the chon 
drostcmal joints In one of these Kennedy obta ned Br c II mil r rm pure culture 

Disease f the bone in man is evideotly very care B irnet Brun and Bonu have 
lepotted acaseof suppurative osteitis vn ap tienti wbchtbesjinptomsbad elapsed 
3 times at intervals of 7 to o y xrs and from which Brucdla mefilenii; was isolated 
In this case th suppuration had the character of a coM abscess Edwards ( 037) has 
not d localized abscesses in the bones 

Burnet m the e p nmental infection of guinea pigs with Bmcella mel lent s found 
that they frequently developed arthritis ttadiogr phy showed ranhcation and 
decalaflcation of the bones e idences of osteomyelitis and involvement of the sur 
round g soft parts Hardy has al o mentioned that joint and bore les 0 5 occur 10 
guncapigsi oculated with cultures of Bra«/fa« 4 prliit var Weil has reported a 

hucuaD case with arthritis and osteitis of the right foot ui which the roentgen p cture 
showed hony atrophy and blu red contours of the joints between the cuneiform and 
metatarsal bones The swell ng of the dorsam of the foot gradually subsided and 
normal cond tions were eventually restored 

Skm and Appendages — ^There is no charactenstic rash m undulant 
fever Nevertheless various eruptions have been recorded by a number 
of observ ers The occurrence of petechiae or purpuric !e 10ns in the skin 
or patches of subcutaneous ecchymo is have been frequently noted 
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Memorrhagic compilations particular!} among the older patients 
rtai^Taonf"? ‘"i”'"'* *>'' s-^bcntienlat baenor 

MtS^.at T 1”! Ii'Rmltlncl.'scase cmpsnf 

lesions rtsembling rose spots have been called attention to recmlly b) 
an AuffiT a '?'* “ Europe and bi Ktm Wsoi 

oecnrrpit ” 0 United States Simp on notes that a slm eruption 

f 1 ° 'E'*' generaliaed and tool. He 

form of small macules m ail but one instance, in which the eruption itis 
cu opapu ar In 3 cases the lesions were most ptouunent on the 
abdomen and simulated the roseola of t}phoid lever 

lo ehavebeeapiiUculirlyiifctioi 

SiS S'™ ;? “'a'"" , b''” desenbed.. taraai diili.e 

freoirent ewe ^ii " *1*^01 As might be erptcted in e dises e m which theie 11 mch 
Ihe .1?® .’"dsmiiis ate tre<|u.t,ily abundanl Wili Ihe develctiemt et Hi 
* 0”""'?’'“““ Ibeksirbecomribimlesiidellinhlliont 
“ ““ “>'• “ 

Johnson state that for several years vetennanats ha\e 
tnlornrea them that a peculiar erythema develons on the skm of their 
arms followjng contact with the vagina of certain cows, pattvculirly 
those who ha\e ibotted In one ivpe light ted irregular blotches 
ap^ared on the slm, or the entire surface of the forearm became light red 
in the second IN pe the rash appeared as smiU discrete elesated reddish 
papules which were more widely separated than in the first type The 
accompariying itching and burning was very severe The papules often 
pet istcd for 3 or 4 days their color changing to dark brown Tliere was 
no exudation or desquamation 

Johnson believe that the reaction elicited by means of the 10 
dernial test in those veteiinanans ^osiin^ sin, hypenensUib eness » quite conc'usive 
evidence that this symptom is due lo BtuceUa ohoriiti protein aaamst \ inch they heve 
m some maimec become bypeiseBsmve rutthet investifcauon on the nature of th% 
cutaneous rash described would seetn to be de wable 


Complications and Sequelae 

The most common pulmonary complications are bronchitis bronrho 
pn^monia and pleurisy Those of the circulatory systprn are endo 
carditis myocarditis and haemorrhages from the mucous membraneb and 
in the skm These co iditions hate all been described in detail under the 
discussion of the circulatory and respiratory systems It is not clear 
whether a primary acute endocarditis has been produced by Sn/cella or 
whether in the cases of undulant fever in which endocarditi has been 
present some other microorganism has not been primarily responsive for 
the lesion The nervous ccunphcations are very common but as a rule 
are onlv temporary and in a large percentage of the cases comp'ete 
recovery follows Particularly frequent are the neuralgias and nuld 
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forms of neuritis The tendency to abortion and premature labor in 
pregnant women ovaTian patina menstrual distuibances and mastitis 
and in men orchitis as well as nephritis have been discussed under the 
heading of Genito urinary System Disturbances such as splenic and 
hepatic enlargement swelling of the joints and other conditions which 
are rather phases of the disease have also been referred to under Symp 
tomatology Bassett Smith remarks that be has frequentl> noticed in 
patients debilitated from severe and protracted attacks that a tuberculous 
infection has followed and that the marked anaemic condition and general 
debility produced bj the disease no doubt lowers the resistance and makes 
the patient very prone to contract other infections When death occurs 
It IS usually from sudden hyperpyretia some pulmonary or cardiac 
complication or occasionally from exhaustion or haemorrhages The most 
common of the sequelae are the general debility tendency to emaciation 
anaemia rheumatic bke pains persistent neuralgias particularly sciatica 
and occasionally neuritis Hardy reports that in a few of his cases mental 
depression or nervous irritability was a serious and prolonged equel 
Manson Bahr mentions that muscular wasting and laxity of the ligaments 
ol the knee and toot may bring about a considerable degree of disability 
during convalescence 

Diagnosis 

Laboratory Examinations — As the clinical features of undulant fever 
are not patbognomomc the diagnosis must be based upon laboratory 
examinations Without these the disease may be confused with a num 
her of febnle conditions such as typhoid or paratyphoid fever certain 
forms of tuberculosis infectious arthritis streptococcal infections pyelitis 
kala azar or even sometimes with chronic malaria or induenza B issett 
Smith beheves that the only efficient means of diagnosis is by laboratory 
methods and in this opmion the writer concurs The following pro 
cedures have been employed m the dugnosis (t) bacteriological examina 
tion of the blood unne and faeces or other pathological materul (2) 
agglutination test (3) complement fucation test (4) intradermal and 
phagocytic tests and (5) inoculation of animals 

Isolation of the Organism — By far the most reliable procedure is the 
cultivation of the organism from the blood or enlarged spleen However 
splenic puncture may not always be justifiable as fatal haemorrhage might 
occur if the spleen is very soft Eyre however encountered no unfavor 
able results in splenir puncture Blood cultures should be taken prefer 
ably at the onset of a febrile paroxysm The organisms are pre!.ent in 
the blood early in the disease m many of the cases infected with Br 
mehtensis less often m those infected with Br abortus The organism has 
in some instances been cultivated from the unne but as it is frequently 
absent or present only m very small numbers unless a positive result is 
obtained the procedure is of little value for diagnosis 

B lla has been i dated f in the a e m casts v ith in ti 1 symptoms of cyst t 
and enuUuberculosis and f mute nedschacgesf 11 n gabo tion \socc ample 
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of cathetenzed unse ahoutd be first thoroughly ceatnfuged and cultuter made (toni Ihe 
sediment upon crystal violet agar (o * P« cent) The dye dilution in this media should 
approximate i 700 000 The presence oI this Bmount of ibe dye inhibits tbs growth of 
the majority of Gram positive org^isms but does not inhibit the growth of Bfu ttl» 
In a few instances the organism has been isoUted from the faeces fromtSusionsinthe 
joints from suboitaneoua absces-M from the gall bladder and even from the mill 
Baler isolated Brucefia from the jotnl fluid of a double recurring hydrarthrosis of the 
knees the original attack occumns t? years previously There are also isolated 
reports of its cultivation from the cpididyims tonsils sputum cerebrospinal fimd sed 
pleural fluid and bile by duodenal drainage before operation Amoss (1936] isolated 
Bruceffa from a case of chronic pentonttia wuh tuberculous salpingo-oSpbontis and the 
organism also w as recovered from a small cyst on an otherwis normal ovary 

O^er Tests ~I^eit In importance to the isolation of the organism is the aggliiti 
nation test The complement fixation lest has also been employed for diagnosis but 
apparently has no advantages over the agglutination test The intradermsl rcacjos 
10 some instances may also give additional data in connection with the diagnosis asd 
animal inoculations may be of some asMstance in isolating the BrwUs from matenil 
where other microorganisms ace present or m determining the virulence of the different 
strains 


Blood Culture — To avoid the tnbibtiofi effect of the patient’s «erum 
a small amount of blood should be placed jn a large amount of liver broth 

Iludditson (ipjo) has found bacto tryptosebroihtobelhemostsatisfsttofymriuBi 
the bactotiyptose being prepared bv the Difeo Laborstonts Tbe >If of the oiediuo 
IS adjusted to 7 1 After stenliamg at 15 lbs pres ore the final ^11 should be 6 6 m * 8 
Sodiumalrate i percent Isaddedtoserveasa Wood SBti-coagulact Thetnediuo« 
distributed in jo ec serua bottles 10 *o<c amounts and is inoculated with ” *” 
blood directly the bottle being shaken vigorously to prevent elotliug of blvod u • 
liquid medium in the presence of bfood he has found that atl s speci« 0/ «« li 
whether aerobic or anattobie appear to grow better when the COi tension inside tnr 
culture bottle u increased approximately sj per cent It is advisable to intreoa e the 
COj into the bottles before loocuUtiDg tbe blood At tbe end of each fourth csjf 
tbe culture should bemued by shaking the bottles Fiveientbslo see) of the culture is 
then removed and added to a bacto tryptose or a hver agar Petn plate and the pfCP* 
ration incubated under to per cent COj for 4 days If no growth w obtainedrroB tec 
blood culture within so days it may be discarded Any suspicious colonies W"' 
develop on tbe plate should be transferred to agar slants and their identity coinraeo 
by other cultural and serum reactions 


The isolation of Brucella front the blood during life is clearly the roost 
satisfactory way of establishing the diagnosis and as Wilson has recently 
emphasized every effort should be made bv repeated blood cultures 11 
necessary, to attain this end Success honeaer, has not been 
means uniform In undulant fever due to Bmceffa meltlemts it has been 
frequent})' possible sooner or iater to recover tbe infective organism n the 
blood has been taken during the febnle stages of the disease and partic 
ularly at its height 


■Nattan l-amer repotUd that blood cultures were positive in about 80 pet cent of the 


^ Huddleson (1940) cultivated the organism in j4 cases out of 38 that were fetnfe 
but only inSoS 17 eases that were afel^e Eyre had »5»po«fiveresulum*3S«*« 
Shaw 68 positive results n J03 ci ” * ' 

positive in »4 cases 


1 rdmoar 38 positive In 45 Bassett Scuta r 
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In cases of supposedly undulant fever where the infective organism 
has been presumed to be of the bo\me type attempts to isolate Brucella 
have often failed Doubtless in some of these instances the disease was 
not undulant fever as a careful study of some reports would suggest 
Failure also may be due to the use of unsuitable culture media or to the 
absence of proper gaseous tension in the retainer of the culture How ever 
several observers have reported that it is much more difficult to obtain 
cultures of Brucella abortHS from the blood than Brucella melitensxs 
Knstensen and Holm 1 olated Brncdla abortus from the blood in 21 
instances or about 65 per cent of their cases 

laoDe instance they isolated this organism fromao ovarian abscess and once from the 
placenta in. a case of human abortion Simpson remarked that m his hospitalized 
patients he succeeded m recnvermg the orgaoism from 70/0 patients In one of bis 
cases the organism was hnally recovered from the blood after 6 negative results Car 
penter and Boak also reports 1 that they were atte to grow cultures of B ucilla aSrj /ui 
from about 6 pet cent of the blood samples submitted for pathological examination 
HardyreportedthatBrneeffawasisobledfromthebtoodstreamof aSof thepati nti n 
I va In one case he noted tb t both the ate I t and su$f varieties were obtained from 
a tingle eultu The diSieulties m differentiation of these st amt have already been 
discussed in this article Hardy at 0 points out that bis ffndjngs which were confirmed 
by Uuddleson on all but a few of the recent isolated strams showed 35 f the va lety 
s t and 14 of the variety ebartus 

Te am believes that the org Dism can be more often cultivated from the blood clot 
than from the ser m itself Hardy howe er found (bat efforts to isolate the organism 
from the clots of blood were un fo mJy negative Cuuiea pigs inoculated with the clots 
of 35 blood specimens giving positive senin agglutination of Brucella fa led m every 
instance to develop infection though fr m some of the patients po itive blool cultures 
were obtained later f om the blood serum 

The organism is frequently present iti the blood tn the early stages if 
fever is present but it may be isolated also later in the disease For 
example out of 80 successful blood cultures performed by Duffau 30 were 
obtained in the first 15 days of the disease 1510 the third and fourth week 
10 in the second month j in the third month and g during the sixth 
month of the disease Bassett Smith isolated the organism in one case 
on the 142nd day Angelis after one year in a case with intermittent 
pyrexia while both Eyre and Gilmoui have reported its recovery from 
the blood as late as the 300th day of the disease 

Cultures from Faece^ — Amoss and Poston bav e reported the isolation 
of bruceUa 78 times from the stools of 6 different patients The essential 
procedure of their method was to clump the organisms present with 
immune serum added to the stool suspension and to concentrate by 
differential centrifugation 

Loops of the final precipitate are moculateU od stock eosui methylene blue plates 
made with meat extract agar adjusted to fH 7 4 Four plates were seeded in each 
msta ce and incubated at 37 C a plates m 10 per cent carbon dioxide and the others 
ae obically in the incubator The del catecokmieswhicliappea are transplanted into 
brothandidentjfied AmosaandPostonliaveisolatedbQthBruccWaaftorWsandBrucelto 
m liUn j from the stool by this method Obviously it is only m some instances that 
B ucell are p esent m the stools even dnnng the acute stage of infection 
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Agglutination Test — number of investigators particularly m the 
United States have found the agglutinauon test the most valuable pro 
cedure in the diagnosis of the disease, but great care must be taken to 
avoid errors Ihe agglutinins frequently appear in the blood serum of 
undulant fever cases as early as the fifth to tenth day and then usually 
persist in the blood for a long lime By the end of a week or ten days the 
reaction frequently occurs in dilutions of i too or i looo though tbs is 
not alw ays the case Simpson reports that in 7 of his patients the ag^Iu 
tiruns did not appear until the third or fourth week of illness The time 
after the attack that the agglutinins are still demonstrable in the serum 
varies greatly In the case of the writer, who contracted the disease m 
the Philippine Islands the blood serum show ed a positiv e agglutination in 
dilutions as high as x 100 or t 200 for approximately a year However 
in some instances the blood serum of individuals has been said to show a 
positive reaction m dilutions of I 50 to i 100 for from 3 to loyears after 
the attack of the fever Carpenter and Boak tested the blood serum Irom 
3 patients monthlyfor approximately 2 years and at the last examination 
it still showed comparatively high titers One serum agglutinated the 
abortus antigen in a dilution of i 45 while the other two showed agglutina 
tion one in a dilution of I 405 and one in x 1215 Knstensen and Holm 
found that generally the specific agglutimns disappeared within a few 
months to a year after recovery from the disease Hardy reports tne 
examination of blood sera from 45 of his pauents collected is or more 
months after the illness has been diagnosed Of these 15 failed to show 
agglutination m dilutions above i 30 In s other cases the sera became 
negative in from 3 to 9 months while 30 still showed agglutinins m titers 
of I 40 or higher after is months 

Technique —'Tilt use of dry blood in j^erforoung the agglutujstion test i» ohw 
unsatisfactory and more errors are likely to occur with it The test is probably best 
performed by the macroscopic method in which graded quantities of the patients 
serum are added to a suspension of Brutdla abtrlus The blood after being coCected 
IS allowed to clot the serum removed and divided mto two parts one of which shoula be 
heated to C to remove the nonspeafic afglutmins The reaction should be pei 
formed in a senes of dilutions of I lotoi (ooo or often higher The bacterial suspen 
Sion in saline solution of Brucella atmlus should be prepared from a smooth stock stram 
if known agglutinability which has been grown on^ucose agar for 48 hours It may be 
killed by beating to 65 C for 30 minutes and made up by dilution into a stock anli|en 
of definite turbidity standard as recomniended bj Evans In performing the test 
0 5 cc of antigen of a turbidity standard of i 000 n added to each tube containing 

0 5 cc of the diluted serum the final anligen turbidity being i 500 as recommended by 
the American Public Health Association Evans has laid emphasis upon a constant 
density of the antigen 1/ {he results of different observers are to be compared ‘be 
tubes are incubated in a water bath at 37 O for 4 hours then removed to an ice box 
and allowed to stand until the following iy when readings are made Only ce®P e e 
or practically complete agglutination shoijld be reported as positive Giordano and 
Ableson recommended that for antigen cultures grown in veal broth peptone be 
employed m preference to a sodium chloride suspension of agar cultures " 

Lynch and Callan and a number of other bactenologisU in addition to Evans rewro 
mended a heat killed suspension of Brucdla abortus for antigen particularly on account 
of the danger of laboratory infection Carpenter and Boak however believe tnat a 
living antigen standardized to give a reading of 3 5 cm on ll e apparatus recommeo e 
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by Gates for standardizing batte lal suspensona la most satisfactory The writer also 
believes that the living antigen is preferable to employ for the agglutination test with 

Brucella He however hesitates to recommend it for use in public health laboratories 

where hundreds or even thousands of ag^utuation tests are being performed for 
di gnosis Carpenter and Boalc enqtloy an automatic pipett ng syr nge known as a 
rheometer for the avo dance of laboratory infection The serum is diluted directly 
in the antigen which eliminates addi g the salt solution to the tubes and diluting the 
serum in the salt solution Readings art made after 8 hours and after 42 hours m tbe 

They pomt out that because Brucdla abortus agglutinins are usually 
reciprocal with those produced by Brucdla rtehlensts and occasionally 
with those produced by Bacterium lularense the serum should be set up 
also with antigens prepared from these two organisms Obviously a 
senes of other control tubes should also always be prepared 

For the antigen employed it is important (hat a strain of Bru ella abertus should be 
s lected that has been recently isolated Many str ms alter continued subcultutt «i 
the laboratory have been found to lose th«u agglutiaabtlity The discussion of the 
formation of rough strai s has already been referred to as well as tbe disadvantages of 
their use If the cultu es are k lied enough agglutinating suspensions nay be prepared 
at one time to last for several months For the s isple eggluUnation te t there would 
appear to be no necessity e ther in the United States or Great Britain to use more than 
one strain of Brue lla (Brucella meJiiens s or Bru< lla obarlus) since tbe bovine and 
porcine strains are usually agglutinated to a more or less equal degree with a serum 
pieputd against any one of them and it has been pointed out that it is impossible to 
distinguish between these three types by direct aggluUnat on However Burnet in 
Tunis and Cerruti a d SoUai in Sardinia point out that there are in those localities 
two dist net anugenic types of mtUleru s one Btuc Uo mel tensrs and one Brneella 
faramtl leiuts which necessitate theuse of both these orgarusiosin routine agglutinat on 
tests In the United States Plastndgeand McAlpineha eiecentlydescnbedamutant 
or mucoid type of the aboriut mclu s>t group simulating in some respects a para 

HuddUson and Abell have employed a rapid tnacjoscopit method of agglulinatmu 
m which a heated standardized suspension of BructUa aboriut in > per cent sodium 
chloride solution is added to diSerent amounts of undiluted serum on the glass cover of a 
specially lighted box. They bebeve (hat results obtained by this rapid method indicate 
that Its accuracy and apecihc ty are equal to those of any other method 

It IS impossible to designate any specific serum titer for a positive 
diagnosis of undulant fever because no titer has been agreed upon bv 
difieitnl bacteriologists Many laboratones have regarded an agglutina 
tion in a dilution of i So or above as diagnostic 

Sources of Error — In some cases m which the agglutination test results 
negatively the diagnosis of brucella infection cannot necessarily be 
excluded A few instances (as noted) have been reported in which the 
agglutination test was entirely negative yet the orgamsm was isolated 
from the blood during life or from the spleen at autopsy 

Carpenter and Boak snted that in 6 per cent of their cases of Undulant fever in which 
the orga smh sbeenisol ted from the blood the agglutination reaction was negative 
In other cases f undul nt fe er the senun has someUmes not given an agglutination 
test in a dilut on h gher than B s ett Smith reported 3 cases in which the Um t 

of the agglutinat on titer was i 10 I one of these cas s the organism had been 
isolated from the blood during the same month Evans mentions also a laboratory 
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infection and 3 other cases m which at one stage of the disease the highest titer of the 
serum giving the test was i 10 but in which Brucella meUtensu was cultivated from the 
blood Bassett Smith considers complete agglutination at I 30 as diagnostic Evsm 
regards complete agglutination m a t eodilutwnor lower as suspicious and m dilutions 
of above 1 400 good evidence of undulantfeserpastorpresent provided tularaemia «b 
be excluded She further says that in regions where undulant fever is endemic the 
lower agglutinating titers of t 5 to 1 10 would be regarded by most workers as sulBaent 
to suggest an infection of undulant fever 

If however one relies for the diagnosis solely upon the agglutination 
test m these low dilutions frequent errors will unquestionably be made 
In performing the agglutination test in undulant fever, it is well to recall 
that the reaction may sometimes persist for y cars after the original illness 
and that the individual in question may be suffering from another fever 
and still give this reaction 

Tor sev eral y ears the writer has attempted to emphasize the difficulties 
and limitations in the employment of theagglutmation test in the diagnosis 
of undulant fever as well as of tularaemia especially on account of the 
spontaneous and nonspecific agglutination that is particularly likely to 
occur in certain cultures of these organisms under a number of conditions 
not yet entirely understood The spontaneous agglutination of at least 
certain strains of Brucella is likely to occur for example, in some samples ol 
milk Why this is so we are not yet able to explain but the reaction lO 
some instances may render the agglutination test unreliable m relation to 
the demonstration of anti brucclb agglutinins in miik 

In testing cows and goats milk for the presence of agglutinins 
numerous controls must always be made Sometimes the scrum will 
give no agglutination reaction m lower dilutions and will react positively 
in higher ones This phenomenon is due to the ocuurrence of pro agglu 
tinoid zones, which are particularly liable to be found m Brucella i»tbtem\s 
sera 

Instances of this phenonenon have lecently been reported in the United Slates 
by Carpenter and Boak Simpson and Hardy Henry and Traum found that m testing 
agglutination by the tube method fortnalued antigen has a tendency to intensity or 
cause pro agglutination with human bovine and porcine serums to such an extent that 
occasionally strong positive serums might be missed in routine testing "bile la the s^* 
serums tested with phenolized or Incresolized antigen this interference is absent or 
reduced to such a point that it is not misleading 

Cooledge believes that a passive absorption ol abortus agglutinins may occur in man 
and appear in his blood serum after drinking infected milk lie fed cow s raw nuik wi 
a serum titer of 1 40 containing BructUa abortus to 7 adults After drinking the m 
the serum of the individuals also bad a titer of 1 40 but all of them remained entire y 
healthy He concluded from this that passive absorption of the abortus agglutinins in 
the milk through the mucous membranes of the mtestmal wall into the blood serum W 
occurred Dooley (ipjj) found 41 per cent of healthy boys in a school with agg*u ' 
nation tests of l 40 to i i *oo Only two boys in the school had any ehnicai 
tations of Brucella infection However Carpenter Boak and Chapman found 1 
Brucella abortus agglutinins could not be demonstrated in the blood serum of 9 adu 

who were given lodwnk pasteurized jiijJfccoiitainii>g/lrv«//a oiortar antibodies 1 > 

believe that the presence of Brucella abortus agglutmins in the blood serum is the lesu 
of an active production by bving organisms which have invaded the tissues 0 
body and they have also interpreted Cooledge s result in this way 
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In the very large number of agglutmatian tests which have been per 
ioimwim the Umted States dunng the past two jeats a positive agglutina 
tion reaction with Brucella has been recorded in a number of instances m 
which the individual has shown no evidence of disease Two opinions 
have been expressed m the interpretation of such reactions Some 
observers suggest that in such instances the reaction imphes that the 
individual has a latent infection and that the occurrence of the agglutinins 
IS really the result of some infection with Brucella In the absence of all 
clinical symptoms a former infection from which the patient has reco\ ered 
is assumed On the other band other observers incline to the belief that 
at least many of these positive reactions in healthy individuals can be 
explained by the phenomena of nonspecific or spontaneous agglutination 
of the cultures emploved That nonspecific reactions of Brucella may 
occur in fairl> high dilutions of norm^ sera and especiaUy in that of 
certain other febnle diseases is well recognized N£gre and Raynaud 
and others have shown that many sera will cause nonspecific clumping of 
Brucella mehtensts and parametUensis strains if the serum 1 not heated 
to 56 C for one hour Therefore it is recommended in making the 
agglutination test that this heating should always be dcme with one 
portion of the sera and the test performed with it as well as with a con 
heated portion However merely heating the serum obviously does not 
eliminate all nonspecific reactions Burnet has colled olteniton to the Jatl 
that Brucella if readily oiglutinaied i« a dilution of i 150 by 

normal human serum and that suspensions of u have a decided tendency to 
spontaneous agglutination When this strain is inoculated into rabbits 
their blood serum only shows a low titer of agglutination in contradistinc 
tion to v/htte Brucella abortus iad Brucella nrelitensts strains are employed 
which produce a much larger amount of agglutinins 

The parametUens 1 itruDs are common id Tuns Both Ft lUi uid Bumet have 
sbowD that cultures of Br ella ehorlvs and B ucello mtUltni Can be tendered thermo 
aggl t able by the action of both n mat and immune sera as well as by the addition 
of certain antiseptics such a (ormabo lod form todine and even bil By thermo 
aggluti t on Bumet impbes an agglutination wb ch ccurs by heating a suspension of 
the microbes ID normal s bnemawaterb that 90 to C fora time varying from a 
few minutes to one or even two hours He selected $ trains 4 and aiorlits 

strain and r ndered these th rmo agghitinable in the manner described Such strains 
then behaved as patam i (CBsts strains since they were no* readily agglutinated by 
normal human serum and proved to be bad a t gens when inocul ted into animals 
The abo lu stra n however was more st ble than the met fenr s strain 

Favilh emphasi s Ih t one great dilFc Ity m carrying out agglutination tests with 
B ucella v cUunsis is that rel able strains may not be on hand Us g the formula of 
thermo aggluti ability hehas found q naUytbatth deg eeof tbermo agglutiaabihty 
inve sely piopo to 1 to the degree of aggluUnabiUty by immune serum He 
emph s zes that one should select for agglutination tests only those stra s which sh w 
no trace of thermo agglutinab bly The technic of sel ct ng the strain he says is 
s mple Emulsions of the various stra ns are prepared in normal saline and heated in a 
water bath t a temper ture of just over to C for rj or 20 minutes Emulsions are 
then exami ed by the n ked eye to see if tbermo gglutinabihty has occurred A 
loopful 5 also examiD d in the gglutmoscope All strains show g even a trace of 
clump ng should be rejected and only the stnin which gives homogeneous suspens on 
should be retained for use m agglnt ton tests Trauro and Henry have recently 
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emphasiied Ihe discrtpancies may occur la the agglutieation te$U whea tnuUnt 
(ypes of BruttUa are used as antigens 

Plastridge and ifcAlpine bast dncrdwd a mutant type of the m! Insii 
group TbijfortD whch they described as mucoid uacapsukted chstecfatimDi 
ortanistn Seroloeically it is less actne Ihaa the normal type It has pure antigeDic 
properties and rabbits which have received m;«ctions showed the presence of agglatuuDS 
only after repeated large doses It » agglutinated poorly by normal type satiseruniMd 
moreover eihibits marked spoaUncous agglutiuability 

Recently the eaperiments of Fitcbbaveseemed to show that smalt amouQtsofsgsr 
have some influence on thermo agglutination of the organisms of the SruuUi charUi 
group 

It IS important to recaU the report of Theobald Smith which called 
attention to the spontaneous agglutination of the organisms of the 
Brucella group through the action of agar He pointed out that when 
growth from the agar surface is suspended m water normal saline or 
bouillon, BructUa ahortm exhibits actue Brownian motion When the 
same growth is suspend ed in a small drop of condensation water from the 
same or a sterile agar tube the clumping is so prompt that all the bactena 
appear in dense cloudhke masses no matter how quickly the slide » 
placed under the microscope At first the clumping was referred to 
speafic agglutinins m animal tissues placed in the tube but was soon found 
to be inhetent to the agar itself The clumping persisted in the con 
densation water of a culture consisting of a per cent agar oolj A«d 
agglutiaatwn was eliminated inasmuch ns the clumping took place in a 
neutral medium It did not occur among bacteiia from the sloped agar 
surface itself when they were suspended m bouillon normal saline or water 

WsUmino bxs Kported that the serum of s An ctUa infected cow will ijjlutins** 
surpensioas of P«jltuulta h^wstfiKa in the same titer *» BructlU ah<»(»> and »ili »<“ 
agglutinate risliweBa unrr/fica and r/tt/mlio mallei to somewhat lower tilers than l 
agglutinates Bruettia aiarlui Howeser the liters in all cases were well above i rS® 
Simitar results weee also obtained with an immune ArBceW<i«5ert«r rabbit serum ana*" 
immune Paslturelle baTisefhea rabbit serum which agglutinated newftiea and Brvee i 
abortus to full titer An itntnuiie BructUa suit serum behaved la the same wsy ** * 
bovine abertus serum If such results ate found to be cocoqmb they will emphas'J 
further the occurrence of eonspeofic reactions is S ucella lafectiom 


Some observers state that the serum of tubercular subjects sometimes 
has an agglutinating action on Brucdla melitensis in comparatively hig 
dilutions However several investigators who have found agglutination 
reactions among patients m tubercular sanatoria have concluded tna 


the patients were really suffering from undulant fever 

Amabile and Fici did not find that there was any definite tendency of the 
tuberculous patients to agglutinate Brucdla utdtltiuts Bellinger and hti j 

agglutination tests on tSo patienti ui a tuberculous hospital in Oregon aod oo i 
positive agglutination jn 43 rases Twenty three reacted with a titer ‘ J,i 

the remainder to a titer up to j se» or over In only j of the ‘7 

symptoms of undulant fever present Of the a cases that showed the bigMst Ute 
showed no clinica -1 symptoms attnbutaUe to undulant fever while J"* 77 i,nifsl 
Three other patients showed symptoms that were too mild and vague lor toe 
diaeoosis of undulant fever Giordano and Ablcson obtained ,1., 

10 patients in a tubercular sanatonum but they teteacked that in 6 of these patients 
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agglutuuns wet£ preseot m dilutions of i so or less and tbe diagnosis of tuberculosis m 
these had not been confirmed 

In a Study of 150 cases of undulant fever Gilbert and Coleman found 
suggestive Widal reactions in 23 cases and definitely positive typhoid 
agglutination tests in 24 additional cases Definite fluctuations in the 
typhoid agglutination titer were observed dunng the course of the disease 

Faecal examinations of these cases nere negative f r microorganisms of U e enteric 
group About one tbird of the group in vhi^ tte Widal reaction nas positive had 
ne er had typhoid or paratyphoid vaccine Theu investigations they believe demon 
strated that agglutination of the Baatlus typhutat wUl occur with the bl od serum of 
certai cases of undulant fever in patients that have never received typhoid vaccine 
nor to tbeir knowledge had tjphoid fever and that fluctuation of the agglutmation 
titer considered by some as definite evid nee of typhoid fever may occur in cases in 
which this infection is quite deiinilely excluded They performed their tests w th 
U mg cultures and usually also with formotixed suspensions of Bu llm lyphoius 
SchiUing and his associates have als leporled upon a case of undulant fever in which 
agglut nms for B cilfui typkasui as well s for Ktuctlla were present in the blood 
serum Simpson repo ts that the Wid 1 reaction was positive in bw titer in only 2 of 
hisca es of undulant fever and these lodivid als bad previously been i ocuUtedwitha 
triple typhoid vaceme He adds that for years it hat bren their practice to test for 
anti abortus agglutin ns m all cases in which a oegati e V/idal test has been rendered 
w th the result that t» cases of undul nt fever were dscoveted m this tnaener 

Francis and Evans working tv ith 100 sera of human cases of tularaemia 
found 37 that showed cross agglutination for Bnicelh mchltnsts and 
Brucella aborlus as well as for BacUrtum lularense and that m 3 instances 
the agglutination titer was the same for the 3 organisms In like manner 
3 of 8 undulant fever sera cross agglutinated Bacirrum lularense but the 
agglutination titer was low They however were able to differentiate 
the Brucella and Tularense infections b> the agglutinin absorption test 
and advise that the sera of patients suspected of undulant fever or 
tularaemia should be tested for agglutinins of both organisms unless the 
clinical history definitely points out the source of infection If the 
difference in serum titer is marked the diagnosis is determined usually 
by the higher titer 

Neverth less it is obvious that sometimes from the agglutination test 
the clinician may be puzzled as to whether to diagnose a case as one of 
undulant fev er or of tularaemia Even when the reaction occurs m some 
what higher dilutions of the serum with one of these organisms {Brucella 
melilensis for e-sample) thin tbe other (Baclertnm lularense) one cannot 
necessarily conclude that the former organism clumped in the higher 
dilutions IS the one responsible for the infection There ts the possibility 
in question that this organism may be more spontaneously agglutmable 
than the other or more susceptible to the action of the nonspecific agglu 
tinatmg substance present While such serum may agglutinate both of 
these orgamsms it should be recalled that Brucellamelitensis and £acferi»m 
tularense are very different nucroorgaiusins and have no etiological rela 
tionship The diseases and pathological conditions they produce are 
entirely different Bacterium tidarense is much more closely allied to 
Bacillus pe tis than to Brucella Fhe writer has knowledge of a case that 
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was first diagnosed as unduJani fever and subsequent!) as tulataenm by 
the agglutination test and finaliy typhus fever by the serum protection 
test Simpson states that he found fi instances m which the blood scnio 
showed cross agglutination of Brtuetla and Baclerum Itilarnsse 


He however thought that the icIaUvcly high liter with the lularttise anUgee aad 
typical clinical htitory of tularaemia left no doi^t as to the diagnosis Jlegler repot ted 
0 cases of undulast fever in whicb the diagnosis was made by the agglutinatioo test 
alone “Two of the eases nereiataf and fo collivafe SrueeHa at the tatopsy 

of each were negative Although the autopsies revealed pathaJogia! lesions evidently 
not assoaated at all with unduisnt fever and which would readily account (or the 
symptoms and the death of the individuals the eases were diagnosed as ucdulast (ever 
from the positive agglutination test afone Meigmann who found that rip sen 
agglutinated Bructlla aherius also nude cultures from 72 of the paticQU but in only 
5 instances was Brucella recovered even though an atmosphere of 10 per cent CO sm 
maintained during uicubation of the cultutcs lo 4 patients giving a poaiuve strum 
reaction the fever appeared to he doe either to typhoid infection or to croupous pntu 
tnocia In a other patients a mixed infection was present Fnepetsoniweredetected 
on farms who gave a positive serum reaction without any history of illness. These 
however he considered were probably suffeiing from a latmt infection 


It would appear probable that a number oi febnlc cases have been 
incorrect!) dia^osed as undulant fever on account of the fact that the 
serum has contained either nonspecific agglutinins for SfMclh oiorltti or 
tneltlensts or other substances have been present which have given rise to 
conditions simulating agglutination Hence the clinician should bear m 
mind particularly when the diagnosis is made from the agglutination test 
alone that there are these sources of error 

Gibbcs after pointing out that the great majority of the cases of 
undulaat fever m the United States and about all of those from South 
Carolina have been diagnosed on the basis of the agglutination test 
collected the blood of joo consecutive patients all of them afebnJe at the 
time and free of aff signs and symptoms that might be related (0 undalast 
fever and had the agglutination test for Bnierlh aiorlus performed at 
two widel) separated laboratories From this senes be obtained repo^ 
of posilneagglutination in tilers of I loo or higher sn 170! the cases In 
only one specimen of blood was there the slightest agreement between the 
two laboratones 


Thiswaaappsrently fri7n] a cxK ofuaduUntrever aad upon which Lsboratory A 
reported a positii-e sgglutinstion »« i 1280 «nd Laboritoiy B » positive 
dilutions as high as 1 800 A specimeo of Ibw blood wss then sent to a third t*'’® 
laboratory and the report was teemed that the serum failed to agglutioate any of l 
1 r strains of Brucella there in any dilution In the other report* the two 
entirely disagreed that is all of the 35 sera that were reported as positive by Laboratory 
A were reported as entirely negative by Laboratory B and 4 that wet* tt^rt 
as positive by Laboratory B were negative la Laboratory A ® .v 

patients had fever One was regarded as a proved ease of uodulant f^r on the 
of the clinical course of the disease and the positive blood culture This patien 

alreadynoled gave a positive agglutuiatiOB testia »«( thej faboratones 

patient tan a typhoid fever like course for 3 sveek* and recovered before a diagnosis 
^(Je His Wood gave a negatne Jest » Xabwatory B and a 
diluUon of 1 JOO in Laboratory A Tie third febrile case had aestivoautu 
malanal parasites la the Wood and the fever readily responded ta quiame 
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serum was reported negative by Laboratory B and positive by Laboratory A 
tn a dilution of i too The fourth febnie ease bad a post influenzal respiratory infec 
tion with the fever disappearing as tbe signs in the lu gs cleared The serum was 
reported negative m Laboratory B and positive m Laboratory A m a dilution of 
i j o Of the 6 patients who were reported as showing agglutinat on react ons in 
dd tions ol I 400 none had fever a d none id them gave a history of a typhoid hhe 
illness in the past Of the 3 patients who si owed positive tests in dilutnnsas high as 
I ;oo only one bad suffered in the past from an illness that had been thought to be 
typhoid fever Likewise in tbe it patients who gave pos tive reactions in dilutions of 
I 100 there was only one who bad a b story suggestive of typhoid fever As has been 
pointed out some observers would regard these agglutination tests as evidences of a 
late t or pa t infection in which no definite Symptoms of diseases were produ ed 

Recently Carpenter and BoaL have emphasized caution tn the diagnosis 
of the disease and they point out that the agglutination of the aborltis 
antigen by the patient s serum is not always a safe criterion from which 
to draw conclusions and that a positive blood culture gives the most 
reliable information Awe and Palmer also believe that the positiv e blood 
culture 13 the only accurate method of diagnosing the disease 

Huddleson also points out that the interpretation of a positive agglu 
imation test in human blood in regard to active infection is often not an 
eaty matter and that many individuals may have agglutinins in their 
blood from a past infection or from recent exposure He believes this is 
espeaally true in veterinarians packing house workers and breeders of 
h\ estock. and agrees with the view that strains of Brucella mtUiensts tend 
to dissociate into antigenic variants and in this state are utixebable for u e 
as antigens as they agglutinate nonspeafically He thinks one should 
rely as much on the history of the case and other confirmatory tests as on 
the agglutination test in detecting active Brucella infection in human 
beings 

Complement Fixation Test — Apparently no distinct advantage has 
been reported for the complement fixation test over tbe agglutination test 
m the diagnosis of unduiant fever though Williams and kolner and 
Carpenter and Boak have recently employed it Carpenter and BoaL 
point out that it is more complicated and that often serums are found to be 
anticomplementary but still satisfactory as regards the agglutination test 

The technic n id teal with that employed for the standard Uassermann tevt 
except that an aitrlui antigen » used King repotted to Carpenter that in many 
s rums he w s able to obtain a complement fiiat on reaction before he could demon 
strate the presence of agglutinins u tbe semm Larson and Sedgwick in employing 
the complement fiaaUon test found that 17 per cent of the serums from 425 children 
With anatomical lesi s of the osseua system (tuberculosis rickets etc ) contai ed 
Bruceila bortus antibod s They assume th t the child en were exposed to the infec 
tion because of the ubiquity of Bruceila obertas m milk Liistensen has also employed 
complement fixation p rticularly m dieckmg his agglutination results Th results of 
the testa were not strictly p lalltl Some stia wWh wtit stiongly positive by the 
ggiuunaliontestwerenegativebytbecomtlenientfixationtest andviceversa OfziT 
s ra which gave no agglutination only » gave a posit ve complemeat fixation reaction 

IntradermalTest — Meyer and Fleischncr in 1918 demonstrated that 
infection of guinea pigs with Brucdla aborliu always produced cutaneous 
hypersensitiveness and that a positive mtradermal test was a rehable index 
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of Infection in these animals The characteristic of a positive reaction 
was a marLed induration, followed frequcntl> by central necrosis Tie 
reaction persisted for over 48 hours 

In 1922, Burnet recommended the mtradermal test or cutaneous 
reaction for the diagnosis 0! undulant fever in man 

In his expenmenta on goats out of 645 tested 85 or tj per cent reacted to the 
wtradermal test while only 3; or 3 7 per cent gave positive serum reactions When 
divided into 3 groups, 2 s per cent of the goals gave both reactions wbile 9 s pet cent 
reacted to theintradertaalhuttiottntheaenia test and 3 percent gave eggbtinaUOB 
but not (he intradermal reaction la peifomung (he test on human beinfs he pouted 
out that while the agglatination reaction night be negative in from 15 to 20 per cent of 
(he cases of undulant fever, in (he majonty of these cases the intradermal test gave 
positive results The test was performed by the injectioct of 0 05 to 0 ot cc of a broth 
titrate of a ao'day bouillon culture of BtuuUa truliitHtii ( neLtine ) 0; Brucrtla 
abortus ( abortine ] In positive rases the symptoms begin from 6 to >0 hours after 
the injection in which there is a local reaction consisting of a slightly raised oedemalous 
plaque 4 to 6 cm in diameter and distinguished by lU red color from the surrounding 
shin The reaction may be accompaued by pain and the local reaction may persist 
for 12 days Burnet obtained positive results in cases of undulant fever from the eighth 
day onward and came to betieve that it is of greater diagnostic value than the tggluu 
nation test 

Trent! also employed the fiftrate of the bouillon cultures of Brucella tuelilenm for 
the test On the other hand Mitra and Bua recommended kilted cultures of Bmedlo 
suspended in salt solution for lotraderasi Injections Natun Lamer who also used 
bouillon filtrates states that the lotradenoal method is more simple to perform and more 
constant in Us result than the agglutination reaction or blood culture alibough in av 
hands it did not become positive until the sesentb to the eleventh day of the fever 
Fomaca using the iotradermal (eat on 8 human cases found it positive in aU m 
which the agglutination test and blo^ cultures were also positive In go patients 
suffering (rom other diseases and t6 healthy subjects the test was negative On»t 
other hand hfontagnani reported (bat (be reactions produced by the filtrates are ne 
specific as severe reactions may be produced u other morbid conditions and even m 
healthy persons of any age lie believes than an iniradermil reaction if positive do« 
not confirm a suspected diagnosis and if negative dots not ticludt undulawt fever and 
thinks therefore that it is impossible to accept this reaction as of real practical value 
Bastai and Rotta employed filtrates of heat killed broth cultures in the intndermsl 
reaction upon 19 patients auffei-mg froin undulant fever whose blood gave an *8^'’'^^ 
nation la a dilution of I 1000 and m one case t 6000 aadinwludiSrwcelliiwasisoUtea 
by haemoculture As controls they tested the reaction on 72 healthy volunteers or on 
patients recovering from diseases other than unduUct fever Three of ibelsttet gave a 
marked positive and 6 a weak positive (he retnainiag 63 a negative reaction Of the i 
positive cases the diagnosis of one was tetany and cholecystitis the second tuberculous 
adenitis and the third Dercum s disease All of these also gave a positive tuberculin 
reaction While Bastai and Rotta found the reaction constantly positive m cases ol 
infection with Brucella »i<bW«J»r they point out it is not strictlv specific smet it is 
occasionally present in uninfected individuab 

Duffau has employed an emulsion ot the 3 test strains lor the 
injecting o 1 cc of the filtrate ( melitine ) into one arm and o i ee of the killed 
emulsion into the other The reaction was positive in all of the cases *1^ ^8*^* * 
positive blood culture but a modified reaction was obtained in 8 casts of typhoid and in 

3 normal people j .u., 

In the United States Giordano first used filtrates of broth cultures but found ID 
thereacuonswerenotofsufficientspeaficvalue Laleron however he employed heat 
killed salt suspensions of the cultures and obtained strong reactions in known cases a 
t.q( in controls He performed the test upon 25 undulant fever 7s tuberculous peop * 
and 20 normal people The suspensions of BmerHj aifrtui were made from recen y 
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isoUted strains grown on Huddtcson s hver agar from 48 to 64 hours and gradtd at a 
density of I 1000 USPH standard Two tenth s of i cc was injected intradermally 
A po itive reaction appeared a a rule m from 11 to 48 hours A small boil formed 
at the site of the mf ction with some induration These boils contained neither pus nor 
bacteria A small scar with an area of discoloration may result and last for some 
months The 35 cases of undulant fever all gave a positive reaction while of the 100 
controls only one was positive Simpson reports that in rS of the Dayton patients 
whose serums agglutinated Sfueello bo lus in titers ranging from i 40 to t 2560 
strongly positive skin tests were obtained in every instance while 56 patients suffering 
from a variety of other diseases gave entirely negative results In his secies there was 
injected intraderm lly o i ec of a saline suspension of the heat killed Brucella abortus 
adjusted to the standard used in the preparation of abortus vaccine (two bilbon per 
cc) Levin has also employed the intradermal test with a Bruc lla abortus antigen 
containing the dry bactenal protein Tests were made on 365 persons Positive 
reactions were obtained in 27 cases Of (be positive teattions ij had chnical symptoms 
of undubnt fever and pos tive agglutination tests One had characteristic symptom 
atology of the disease but a negative agglutination test Six bad positive agglutination 
tests more than aye rspreviouslyandhadbeenpatientsmahospital where there was an 
outbieakofu dulantfever Fourgavenegativeagglut nation tests and no history of an 
undiagnosed illness Tuio sludenls %to gave lyfic I ^osiltvs read hs uert heo,Uky and 
{ St no ksstory of pr vieKSsfliKir The test waspetformed upon 33 hospitalired children 
Only one child gave a positive reaction and her agglutination test was negative She 
also gave a negativ e tuberculin test Tbe clinical diagnosis wis sinusit s and mastoiditis 

Some other investigators have a 1 o found that the intradermal test is 
not entirely spe'‘ihc and that a positive reaction is sometimes obtained in 
normal individuals or those suffering with other diseases Fostow and 
Menefee (1938) point out that the test may be negative throughout the 
course of the disease m cases diagnosed by the isolation of Bructlla 
Allergy Test — Huddleson (1940) has made use of a protein nucleate 
fraction of Brucella as an allergic agent for detecting Brucella skin allerg> 
m human beings He has made studies of more than so 000 individuals 
who were either normal or actively infected and believes that it is a highly 
satisfactory and specific agent for delectiog Brucella allergy 

He terms this Agent brucellef n UebAVAlsoemphAsized theuse of the opionocy 
tophagic test AS A means of diagnosis of btucellosu in human beings this test depcndmg 
upon tbe fact that tbe neutrophibc leucocytes in the whole citiated blood of human 
beings who have lecoveted from brucellosis pfaagocytixeBruc l{ in Urge numbers On 
the other hand leucocytes m whole blood from actively infected cases showed a lower 
degree of phagocytic activity and tbe blood of those who had no past or present history 
of infection showed little if any phagocytosis However he found that the results of 
this test m patients with iieltte s s b uceUosss often could not be given the same inter 
pretation as the results of the test of pat e ts with abortus or ium Brucellosis Some 
times bio d from which E mrl leasts could be cult vated showed tbe same phagocytic 
picture that is presented by blood takeo fiom immune indi iduals He also points 
out that m tuUtaemia the phagocytic activity of the blood is considerably increased for 
B ueella 

Keller and bis associates (1936) believe that the intracutaneous test may be used to 
determ ne a state of allergy resulting from BruteHa infection but that it gives no indi 
cation of tbe immunity status oi tbe pabestt To determine the tmma ity sUtus ol 
indi iduals they state the opsonocyt pbagic test may be employed m connuncti n 
withtheint c taneous test The ab e ve of marked phagocytic activity of the poly 
morphonuclear leucocytes m a patient w tha positive skin test indicates infection and a 
lack of immunity The presence of marked pb goc>t c activ ty would indicate either 
a develop ng or an estabhshed immunity If marked phagocyt c activity and a positive 



798 


DUCN05IS 


skin test are demonstrated in a patient vith fern they tbink it likely that tbefeieru 
due to some disease other than uodulant fever Howeier some mvesti^tors do not 
place such reliance upon the opsonocytophagic test Also both this test and the 
intradermal one have failed in a number of instances tnnhicb thediagnosisnasdefioitely 
established by the cultivation of Bruetlla 

Animal Inoculation — Theobald Smith and Fabyan who first showed 
the susceptibilit) of the guinea pig to Bruetlla aborlus infection pointed 
out It IS possible to sometimes obtain pure cultures of Brucella from tissues 
contaminated nith other microorganisms b> inoculation of such material 
into this animal 

It has already been pointed out that the disease produced in the guinea pig is usually 
nonfatal and self limited la some instances an infection tomeahat resembling 
tuberculosis is produced characteiued by the formation of small necrotic foa in the 
spleen liver lungs kidneys lymph nodes and epididymis andsometimesswellingofthe 
carpal joints and ribs The spleen and lymph nodes are usually particularly swollen 
Microscopically there may be extensive proliferation of epithelioid and lymphatic 
celb followed by degeneration of other cellular elements Cross lesions however are 
not always present in the guinea pigs as the recent experiments conducted by llasley 
in the United Slates Wilson tod Cruicksbank and Barbour m Great Bntaia have 
shown In such animals however the blood serum shews an agglutination test and 
the organism nay be isolated from the spleen Theobald Smith also pointed out that 
guinea pig inoculation is frequently of assistance in differenluling the bovine and por 
cine varieties of Bruetlla abtrlut the latter causing more severe lesions Hardy fowa 
that the isolation of Bruetlla is often po sible only through animal inoculation To* 
guinea pigs may be inoculated with (be whole blood intraperiloneally or sediment Iren 
the urine or faeces injected subcutaneously m the grom The organism may slso o 
isolated from milk by injecting a $ cc of the naturally separated infected cream sub 
cutaneously in each groin An agglutioalion test should be performed on the P'tot* 
pigaftet 4 or $ weeks with the serum separated from the blood and removed fmn to 
animal by intracardiac puncture Animals showing a positive test are kiUed t>*J*** 
(he sixth and eighth weeks The spleen bver and any enlarged lymph glands ar 
removed and the cut surface of the organ « smeared on solid media for isolation o 
BruceWtf in culture , 

Blood Count— A few observers have suggested that the differential leucocyi 
count may be of assistance in making the diagnosis However it should be ' 
mind that the changes in the leucocytes in uodulant fever are not peculiar to 
infection alone The leukopenia and lymphocytosis ma> in some instances M 
assistance in excluding certain other infectioos particularly those where a leococyi 
IS usually present with an increase in ibe potymorphonudear leucocytes 


DlFFEREvrriAL DiACVObIS 

Undulant fever has been confusedwithtjphoid fever tularaemia tuber 
culosis visceral leishmaniasis aestivo autumnal malaria, liver abscess 
rheumatism influenza sub acute bactcnal endocarditis pyogenic «ep 

ticaemia and in a few cases with appendiatis and cholecystitis 

Wise and Poston (1940) reported the co existence of Brucella infection 
and Hodgkins disease They reported that they have cultivated m 14 
consecutive cases Brucella melilensu from the blood or Ivmph, m an 
which the diagnosis of Hodgkins disease has been made 

Thev raise the question as to whether the isolation of this organism from eas^ d 
Hodgkins disease represents merely latent Bruetlla infection or ’^tether it ^y 
etiological significance In attempts to obtain positive cultures ol BrutrU 
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lympb nodes obtained from patir t$ suffenng witb cbronic diseas icvolviog the 
iympb tic system other than Hodgktns and residing m the same areas BruceUa was 
isolated only once from cultures of 67 such lymph nodes They believe that at least 
the Brittella uitettion particularly mfiuesexa the syndrome of Hodkins d stast They 
were able to induce di ease leading to death m guinea pi s by intrapentoneal injections 
of bio d or by a suspension of lymph nodes from patients with Hodgkins disease and to 
recover Brucella subsequently from the blood or tissues of these animals but lesions 
identical with those of Hodgkins dis ase were not observed m animals However it 
sho lid be noted that the orgaiu ms th y isol ted from many of the patients suffering 
I om Hodgkins dis ase possessed caps les and showed signihcant antigemt diffeiences 
from the laboratory strains of B u tlla infection 

Typhoid and Paratyphoid Fever — In indulant fever the obstinate constipation 
se eiesweats relaps s f fever andabsenreoftosespotsmaybepo ntsofdifferentiation 
from typhoid m which the more c ntinued fever the prese ce of rose spots diarrhoea 
and t nd mess m the tight 1 c fossa are mote prom ne t symptoms Nevertheless a 
few writers ha\e reported the piesente of octasi nal rose spots in undulant fever and 
diarrhoea has been occasionally met with m the more serous cases of this disease 
Epstaz sa d intestinal haemor h ge may also 0 casoo lly occur in uo iulant fever and 
the sweating may be eomn on to both of these d seases Tb microscopical examination 
of the blood nay not aid m the r differentution since the leukopenia and polymer 
phonueleat pereentago teduci on I somewhat no la in both The lymphocytosis is 
oft n more marked a unduUnt fever The agglubnaUon test will sometimes g ve 
satisf ctory and reliable differe Uation but it should be borne in mind that the serum of 
undulant fever cases will sometimes agglutinate the typhoid bacillus However the 
iiol tio of the speci&c organism in the respective diseases is decisi e 

Tularaemia.— Owuigtotbef ct that the blood s nimofs mecasesof tularaeaiiamay 
showanagglut aU n reaction for Friw ffj lul t emiamaysometimesbeconfusedwitb 
undulant fever In tularaemia the history and otien the p ese ce of a local lesion or 
gla dular enla gement may be ol as ta ce n d Serentiation The bacteriological 
examination should usually sep ate the two infections However since S ct «m 
tul n e has not generally been detected or cull v ted directly in the repotted cases 
theinvesugatotmuscsometimesrelyf r diagnosis upon in 1 oculationofthegui rapig 
with a suspens a of the diseased tissue or a port n f one of the inffamed glands 
removed aseptically from the pat ent tjuinea pigs inoculated with such material 
containmgB ter mlula enregenerallydieaftercutaneousorsubcutaaeousmoculation 
w-ithnaweek Po tmortem appear nces are sinking the spleen is greatly enlarged and 
congested and b tb spleen and hver conta n ry numerous necrotic foci in which 
Bad tula ense is present m I ge numbers The patholog cal histology of the 
tularaemia infection is also distincti e m the gu nea p g as first pointed out by Counc 1 
man and the wnter fset page 7 9) H the material inoculated is from a patient with 
undulant fever either the death of the guinea p g does not occur or occu s only after 
several weeks or months 

Tuberculos s — The evening nse of temperature with temis ions in the morning m 
undulant fe er and the persistance of these symptoms f a number of months even if 
cough IS absent may very well cause the physiciao to consider the cas as one of tuber 
cuiosis part culaily when at the s roe 1 me there is profuse sn eating and loss Iweight 
In such stances the bacteriological proc d r s cons st g e ther f th solation of a 
stra R of Brucella or an undoubted agglutinatton test with it or the discovery of the 
tub rcle bacillus ar th only cert m means of diSe enti ting these infections Roent 
gen ray exam at on of the lunp bowev r may ft n giv add t onal ass stance In 
miliary tub culosis tber is freqnently an mcrease in the polymorphonuclear cells In 
cases with meningeal involvtinent sp nal punctate may reveal the tube cl b c Hus 

Leishmaniasis — The fe et of kala r w s f tme ly ofte m staken for that of 
undul t fever 1 Ida and both of th se d 5 as« have a number of other feat res in 
common such as emaciation cachexu tendency to haemorrhage anaemia low poly 
morphonuclear c unt and splenomegaly However in undulant fever the leucocyte 
count m rarely so low as It f equentlyu in le shin a s and in visceral leishmamas s the 
spleenisofteiiU.tgetandhatderandthehvetro ecommoolyeBlaiged Spltnvcpunt 
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ture and cultures may in one instance reveal or in the other Brucc//d The 

agglutination test may also be of assistance in diifereatiating these infections 

In aestivo autumnal malaria the temperature sweats and chills may be similar to 
those of undulant fever The presence of malarial parasites in the blood and the cure 
of the infection by qumme in malana should differentiate this disease 

Luer abscess inwhichsepticfeser sweating and a tendency to anaemia are present 
may sometimes be confused with undulant ie\er In hver abscess the history of pre 
vious dysentery may sometimes be obtained or amoebae demonstrated m the faeces or 
by liver puncture There is very frequently a leucocytosis m liver abscess and the 
agglutination test if the case is undubnt fever should give aid in differentiation 
Rheumatism. — In acute rheumatic fever swelling of the joints is more generalirea 
the inflammation often more acute and the cardiac complications much more frequent 
than in undubnt fever In undubnt fever the salicylates appear to have little eSKt 
upon the process endocarditis u comparatively rare and a leucocytosis is generaUy 
not present as it often is in rheumatic fever 

^fluesza.->-Dunng the first few days of illness there might perhaps In someinstancw 
be confusion with influenu although the onset of influenza is usually more acute wd 
sudden and the pulmonary symptoms are mote marked than in undulant fever The 
shorter course of influenza would also serve readily to differentiate this infection 
Nevertheless Hardy says that about to per cent of the Iowa cases were erroneous y 
diagnosed as influenza , 

Subacute Bactena] Endocarditis — This condition sometimes closely simuw 
undulant fever clinically In a number of insUnces the diagnosis may depend “ 
upon bboratory studies In cases in which the pyogenic cocci are concerned a leuc 
cycosts may be present The isolation of the spMific organism may be necessary 
diagnosis , 

I^ogenie Septicaemia — Trequently a focus of infection can be louna an 
usually a polymorphonuclear teucocytosu and the affected joints , ,l. 

Here again cultural studies and agglutmalion tests may be necessary to detcrmi 
nature of the infection __ , 

Appendicitis and Cholecystitis— Hardy and Simpson have called e***"*'*" ‘ * 

confusion of these infections with undubnt fever As noted Simpson has r P . 

IS appendectomies and s cholecystectomies which were performed on cases ot 

fever In these the pathological eiaminatwo revealed no evidence of an mna / 

process in the organs removed The lever abdominal pam and 
were the misleading features in these cases Both the blood count and I e 
logical diagnosis should usually aid in differentiating disturbances such as tn 
undubnt fever 


Prognosis 

Hughes gn es fls the mean duration of the Caprine infection 7® * 

but points out that it tna> reach 300 days in some cases Basset m' 
gave the duration as from 2 weeks to 2 years the average 
being 4 months In the United States kern found that m 21 of 

lasted from 10 days to over 10 months but Hardy sayS that 
his patients found it difficult to tell ju&t when recovery took place , 
the onset was insidious he could not accurately determine the 
the disease In 212 of his cases the duration from the time the p 
found difficulty in continuing his regular work until he was tree 
symptoms and able to resume it was as follows 


I month or less 15 per cent i month to 10 weeks 7 per cent y to 4 
Tier cert < to 6 months ii per cent more than 6 months 9 per cen 
tnH? duration ' as therefore about 3 months Simpson found the averag j.-k 
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f relipsesand remissions extendingover apenodof 8 years DeBono (ig+o) has given 
the following analysi of joo consecutive cases treated at the Central Civil Hospital 
Malta Average duration of febrile stage t montli lo per cent of cases 2 months 25 
per cent 3 months 4 per cent more than 3 months 15 per cent 

It IS believed that infection with the bovine t>pe is frequentl> milder 
than the porcine infections with an average duration of 3 to 4 months 
m about 20 per cent of the ca»s the patient being able to return to work 
within one month 

The disease is usuallj relatively mild in children but the prognosis of 
the septicaemic cases is generally unfavorable 

The mortality of the European cases has usually varied from to 
6 per cent Rozies has reported in Europe a mortality reaching 13 per 
cent In the cases collected by Iwcrn in the United States the mortality 
was 3 s per cent and in Hardy s senes 3 per cent Hence the prognosis 
in so far as continuance of life is concerned is good 

lv«\«fthtles» the frequent prol icted course end prolonged invalid sm reveal that 
the di ease is more senoui tha the mori I ty indicates Bassett omitb empl sued 
that m Europe a most caaligcant tond tion may come on at any stage of the fever 
yVe have already pointed out that death usually occurs from sudden hyperpyrexia 
card ae or pulmona y compl cations exh u tion or haemorrhag Bassett Smith 
believed that a careful study of Ih rel tive quantity of the agglutinati g sub tances 
in tha blood will give some asst tance in lornung the progn ns His conclusions stated 
briefly were ( ) with a pec 1 tent and high agglut tion raacti n the prognosia was 
ganarally f vocable ( ) a steady n from low to bsb agglutination tnd cates convales 
cence (3) a rap d f 11 from high to low is unfavorable (4) persistent pretence of low 
agglutn tion titer is unf vocable However Manson Bahr and Willoughby have 
I nee empha 1 ed tb t the cite of agglutuiaiion appe rs to have no bearing on the 
prognosis nor does it ind c te in a y way the pr babihty of solation of the ganism 
by a blood cultur In the no t severe ca which ih y encountered n the r series the 
agglutmation titer never ose above So 

Prophyiaxis 

Since the great ma;onty of the cases become infected from the con 
sumption of milk or milk products it is important that adequate protec 
tion should be given the iralk consumer It has already been pointed out 
that Brucella is killed by moist beat at a temperature of 60 C (140 F ) in 
10 minutes The thermal death point by Dalton and Evre for 
Brucella melitensis was 57 5 C Zwick and Wedeman found that Brucella 
abortus was killed in 10 to 15 minutes at 60 C (140 F ) and in 5 to 10 
minutes at 65 C (145 F) Park nuxed cultures of different strains of 
Brucella abortus with those of Brucelh melilensis and made a milk sus 
pension containing 5 000 million bacteria per cc The organisms were 
killed when exposed to 140 F foriominutes 10142 for7minutes and to 
14s F for 5 minutes Carpenter and Boak who found that while a 
number of strains of Bacillus abortus grown in milk varied somewhat in 
their thermal death point stated that all the organisms were killed after 
JO minutes at 140 F Hardy also observed that no Brucella organisms 
were hvmg after an exposure to temperatures of 144 to 145 F for 30 
minutes followed by rapid coolmg m the ice box Only Arnold has 
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reported that Brucella ma> survive after an exposure to the temperaturf 
of commercial pasteurization In this instance it would appear that a!i 
portions of the milk had not been heated to 145 F for 30 minutes 
Complete pasteuruation of milk and dair> products at 145 for 30 mia 
utes> carefully supervised is apparently the logical method of climinatuig 
milk borne infection Although the ingestion of Brucella alxstm m mdk 
usually does not give rise to ondulant fever in man until "se have moK 
accurate knowledge of the relationship between the ingestion of brucella 
infected cows milk and the production of the disease in man pasleun ctm 
o] milk IS ike only reliable procedure to adopt 

Since infection may also occur through abrasions in the skin even wheo 
very slight prophylaxis shoald also include prevention of humafl contact 
with virulent organisms Proper precautions should be taken 
all those nandling live stock or carcasses likely to be infected it is 
believed that contact infection m packing house workers particularly in 
those who kill the animals may be reduced by giving more attention o 
the care of minor knife wounds or cuts in the skin Protection wi 
rubber gloves has been suggested The control of the disease m ca 
and goats has been attempted by means of v accmation using boin »• 
and living culiures Most of the results with killed cultures hs'e 
been very encouraging and a number of invesligaiots report tbeo 
ineffective W'hde living cultures of Brucella abortus may have woe 
prophylactic value the procedure also may be dangerous as ^ . 

thus infected sumetimea becomechronic carriers of the diwaseano 

virulent organisms in the milk for long periods Ctuicksnan 
Barbour did not find the use of living vaccines of Brucella 
either to infected or healthy cows In i healthy cows the i^« 
living Bfucella abortus \ accine did not result m the infection of the amm s 
or in etcretion of the organisms in their milV. However , . 

pointed out that sometimes vaccinal strains may enter the , , 

cow and continue to multiply in ibe ducts and acini and he is 
organisms from the milk of vaccinated animals He also pointe 
prolongi-d multiplication in the udder might cause a diange m the 0 g 
favorable to lavasion of the human subject since m the udder 
Brucella come into association with a vanety of other 

An attempt has been made in recent years in the United State 
up Brucella free herds of cattle m a manner somewhat af to 

employed m building up tubercle free herds AU cattle have ^en 
either by the agglutination test or by the bacten?! ^ 

;„dk and the reactors are segregated and th«r 

has been paste unzed The non reactors among the herds kqJt t 

milk have also Bometimes been used ^evertheless Mohler 
the Bureau of Animal Industry V S Department of Agncultu P° 
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out that infectious abortion is so wide spread and the milk of so many 
animals infected that the mam dependence for protection against what 
ever danger there may be from Brutdla abortus m milk, must be placed in 
pasteunaation 

In Malta an effort has been made to etamine sj stematically all milch 
goats and to destroy those found infected The incidence of undulant 
fever in Malta has been considerably reduced by this procedure but as 
Ascoh and Sanfilippo have pomted out m certain districts where a high 
percentage of the goats were affected senoua difficulties resulted when an 
attempt was made to kill all the ammals and notwithstanding the heart\ 
cooperation of the sanitary officials this hne of attack had to be giv en up 

Taylor and his associates (1938) report that melttensts infection of both 
goats and sheep is self limited and that hence the application of isolation 
methods and quarantine in regard to its control in these animals would 
seem worthy of trial Huddle on (1940) and his associates in a study of 
the natural course of bruccllo is m 3 naturally infected herds of hogs m 
Michigan reported that it is for the most part a self limiting disease 
^lany animals found infected by the serum agglutination test became 
negative to the test within a 90-dav period He thought that segregation 
of the ammals found positive to the test would rapidly place the disease 
under control Thomsen U034) has reported completelv eliminating 
swine brucellosis from Denmark by the application of the serum agglutma 
tion test and slaughter of the reactors 

Prophylactic inoculation has also been attempted in man In con 
nection with human prophylactic vaccination it should be borne in 
mind that etpenmental animals such as the rabbit and guinea pig which 
have been given repeated myections of killed cultures of Bnutlla usually 
show a high agglutination m the blood but such inoculations fail to 
protect the animal against the subs quent injection of virulent living 
cultures 

Hardy bis al 0 been anzMe to loimuau g nea p <riCh i; lied B vctlla i/o e 
ncently Gw tkia bat made nuioe ous attempt to protect gumea p gs b} ccines of 
5 uc lla at rlui e ther killed by beat or sler iizedby f Ur tio ag mst subsequent oral 
or ocjlar infecti n wtb a livng culture H wever aU these e pet raents were 
unsuccessful In one asm nyasjodoses fvacci e nere adm nistered butwithout 
any significant effect 

Birt and Lamb reported an attempt to immunize a man by several 
preliminary vaccinations of dead tnltures of ^^tcrococcus meh/ensis 
Subsequently an inoculation of a small quantity of <1 hvmg culture was 
given and this, was followed by an attack of undulant fever which ran a 
characteristic course Eyre attempted to immunize 51 hospital attend 
ants in blalta The results were not very conclusive although he believ ed 
that prophylactic inoculation has a distinct value Nicolle and Conseil 
administered killed cultures of Bru ella mdtiensts both orally and by 
subcutaneous inoculation A group of 3 men was employed Two were 
immunized by subcutaneous injections being given 2 inoculations at 
7 day intervals Fourteen days later all 3 were inoculated with a living 
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culture the 2 \ accmated suffered no ill effects, while the control developed 
fe\ er on the eighteenth daj A second experiment was earned out ivith 
3 other men Two were given 100 milliards of the vaccine by mouth on 
3 consecutive dajs and again on the fifteenth day Neither digestive nor 
general symptoms followed 15 days after the last dose they showed no 
agglutination reactions They, with the control were then inoculated 
with a living suspension of Brtuella meitlensis subcutaneouslv The 2 
vaccinated men were immunized, but the control developed fever on the 
seventeenth day, and from his blood the organism was recovered It is 
stated that the blood of the immunized men in both senes never showed 
any agglutination reaction 

Burnet immunized a monkeys nith Brucella abortus one with a living culture and 
the other with a lulled culture Subsequent inoculation with living cultures of Bructlk 
meliUnsis produced no effect He also Inoculated 3 men under the skin with doses of 
joo million of Brucella abortus They did not develop any fever and had no symptoms 
and were resistant to subsequent inoculations of Brucella mltlensts whereas a control 
volunteer contracted undulant fever when inoculated with Brucella mtlilensts 

Dubois and Sollier during recent years, have again recommended the 
vaccination of human beings with killed cultures Of in persons 
vaccinated all of whom were directly exposed to infection, there were no 
cases subsequently of undulant fever On the other hand among 38 
persons who were not vaccinated about 73 per cent of whom had no 
direct contact with infected animals 2 cases of fever developed 

Vincent Zammit Ceruti and Ascohand SanfiLppo believe that they have beenable 

to immunize goats by vaccination with large amounts of Brucella AscoU and San 
filippo emphasize that it is necessary to use very large amounts of culture for immum 
zation— from z6 to ao plate cultures Some goats inoculated with 6 plate cultures 
were not rendered immune Other observers were unable to protect goats satisfactorily 
by vaccination 

Hence prophylactic inoculation is evidently still in the experimental 
stage As yet the evidence is not entirely convincing that a satisfactory 
practical protection can be obtained by vaccination in either man or 
animals 

Disinfection of the unne and stools of patients should be carefully 
earned out and attempts may be made by the use of dyes (methyl violet 
and thiomn) to eliminate Brucella which piersists in the stoola during or 
after convalescence 


Tkeatmekt 

Careful symptomatic treatment and nursing are most important m a 
disease which is often prolonged and unfortunately no entirely satisfactop 
specific treatment has been discovered A trained nurse is particularly 
desirable and almost essential for many of the cases demand constant care 
The high pyrexia insomnia delirium and other nervous as vvell as the 
circulatory arthritic and gastro mtestinal disturbances are usually symp- 
toms requiring attention The resourcefulness of the physician as we 
as the disposition and strength of the patient are often sorely tried in t e 
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protracted cases General therapentic indications are rest in bed mam 
tenance of the patient s strength and nutntion and alleviation of the 
painful and distressing symptoms as they anse In general the measures 
apphcable to the treatment of typhoid foer are suitable to undulant fever 
The pyrexia is best controlled by hydrotherapy and when sufficiently 
severe (103 5 to 104 F) cold sponge bath or ice pack should be given 
Moderate degrees of fever (1&3 F w tmdct) may be treated by tepid 
sponging Bassett Smith empha ized that care must be taken never to 
check the sweats suddenly by hydrotherapy Owing to the action of the 
toxin upon the circulatory system tachycardia and mterimttency of the 
pulse may occur Hence attention should b<* given to the pulse partic 
ulatly in connection with the antipyretic treatment If the pulse is 
sufficiently weak a stimulant may be indicated While early in the 
disease stimulants are not usually required and should not generally be 
employed after the third or fourth week of fever and especially later they 
may at times when indicated be valuable and most useful in sustaining 
the more or less enfeebled circulation 

Dunnf, the periods of fever the patient of course should remain in 
bed and m a disease of this nature which is often protracted in its course 
It 18 particularly important that the sick room should be sunny well 
ventilated with an even temperature and with a bed that is comfortable 
The patient should be kept in bed continually during the acute stages and 
until the temperature has been normal for at least 10 days and the tongue 
has become clean Many relapses occur m patients who have been 
allowed to get up too soon On account of the profuse sweating it is 
important that the bed clothing and Imen should be frequently changed 
The mattress should also be protected by a rubber sheet Light woolen 
bed clothing has been recommended particularly on account of the fact 
that it absorbs perspiration more readily and prevents the patient from 
becoming chilled The nurse should exercise care in keeping the skin in 
good condition In the later stages of the disease patients are hable to 
develop boils and abscesses and precaution for the prevention of bed 
sores mu t be taken Sli^t friction of the skin particularly when the 
patient is being dried after hydrotherapy as well as massage of any wasted 
muscle should be employed 

Constipation is generally a marked feature of the disease and should be 
treated with mild laxatives such as cascata Sdgrada liquid petrolatum or 
petrol agar supplemented by enemata if necessary During periods of 
fever a bed pan should be used 

For the painful arthritis hot applications are useful and opium fomen 
tations or belladonna bnament with rest and fixation often give great 
relief Radiant heat and light therapy may al o be employed Frc 
quently the insomnia i» a distressing symptoni and may require treatment 
with mild hy pnotics Headache is often reheved by the use of an ice cap 
The nervous irntabihty may be benefited by bromides Morphine is 
rarely indicated except when there is painftd neuritis and when other 
measures including the administration of hypnotics hav e failed to alleviate 
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this For the treatment of the neuralgus or neuritis xanousforn^f 
ph> sjolherapj ox electrical treatment m addition ina> be empiojed The 
anaemia should be treated by suitable diet and b> the administration of 
iron in the form of Blaud s pills or b> the intramuscular injections of iron 
or arsenic In the advanced stages of the disease massage of anj wasted 
muscles should be given daily CasUllam recommends for severe vomit 
mg which he observed m European cases sips of cold soda water or oi 
champagne If the vomiting is persistent he recommends 2 drops oi 
tincture of iodine in i ounce of cinnamon water or if this fails minute 
doses of cocame gr H m chloroform water and a mustard leaf appiieo 
to the pit of the stomach g 

The diet is important and the appearance of the tongue is J 
good guide to the patient & digestive powers In the acute t«hrde g 
the diet should generallj be liquid With a fatrl> dran ^ 

moderate fever a liberal diet can frequently be partaken o 
chrome cases with anaemia and impaired digestive function J . 
nance of nutrition often becomes a difBcult problem ^ 
patient should be given as much food as he can assimilate an 
stages of the disease whiskej brandj and 
useful Alcohol is patiicularlj valuable in undulant fever, as 
(ever since it acts as a fo^ Warren Coleman points o 
omdwed with the liberation of encrg> and spares 

catbohjdraies and fat >jelding ? calories per gram „ 

a arculatory stimulant as well In more critical stages 
Strychnine or caffeine maj be empiojed as stimulanis .a uablc 

In convalescence gentle esercise m the fr«h air and ^ 

If the disease has occurred m a tropical or subtropical regio 
a more bracing climate often results favorably narticularlv 

Disinfection of all contaminated material from the ^ 3„ and 

the stools faeces and urine should be carried out T p > 
nurse should bear tn mind that the disease is f^er 

cautions should be taken to prevent the spread of it as in tjpho 

Chemotherapy —No drug has as jet been found ^c^^acid and 
be a specific m the treatment oi the disease Qumine sahejU 
neosalvarsan have been tried but without favorable r« 

A few reports of the favorable use of 
made However Ross and Jlartin in studying ^ jhat ,n 

chrome iii itiro on BntceHa iyithuruts and Brucella a 
the concentration which is possible to attain m the bl^ 
curochrome has no destructive effect on these microorganisms 

hebeveditwsisnotadvisabletoevceedadoseiu Joce o that 
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Its tSect steioed to fi4v« b« n curative ta 3 qute douVtful in a while m one it failed 
completely Simpsoo teports tkit vtetcuroJ^Bie was use! la 6 oi tus cases wiibout 
any appreciable effect on the course ^ (be <Lsease 

Acnflavjne basal o bcenemp'oyedmafewia es particularly jn Italj 
In Europe Izar treated 51 cases and lound that the best effect was 
obtained il the drug was ^tven >n the ouximum ntras ettous dose of o 01 
gm for each kilogram of bodj weight ot o 0 for a man of 60 kilograms 

1^13 dose he ssys nav reouHe bwng refieated pnee or perbsps twice a id tare 
must be taken that the drug goes d ntty mtn the vt n Hoffman believes that the 
drug has a favorable inflvence on thecour e^the recast Thurber has reported upon 
7 cases of undulanl fever treated by u-tiavenous injection of acnSavwe In 3 cases 
the fever was arrested within ore monib after staetj-s t eatment In a the fever 
continued butatalow r level In f untreated cases the duration of the disease was 
from ptnonths to J years 2 cascsendingtn dea b Tfcurber found (hat the best r ulu 
were obtained in patients treated during the eatiwr weeks of the disease I! given after 
the development of arthritis acnffavine seemed to basebttle or so effect on this ton 
d tion He cautions that the tojecuons must be gi en slowly to avoid rea tions 
fotlouing them there occurs a 'evbre a tae and a ffnal decline in the fever No 
severe rrscuons sere seen He believes that by the use of acnffasine latrai'enously 
the coucsw 0' the undulant f ver can be enstena’i)' shortened and the development of an 
tn apaatatise arthntis prevented 

Kuddleson suggests tb»t jcnflavin seems to give the best results tn 
ttiaiiteli carl> cases and dunng a p^retial »a\e when the temperature 
IS still (airly high but provided there is no renal or hepatic jinpairment 

The dose employed was c^ts cc of a 2 per cent solution every <e ond or third 
davforjoradoses Teoiperatureerassadtifa I wttb tbe brstorsecopd injection ani 
renaia at a subnormal level The results bo ever were not alway* so favorable and 
sometiffles n impressioa at all wat nade or tbe temperature rose again The treat 
oient appeared to have been succes'tv.l >r about t$ pe cent of tbe 40 cases in e b h it 
Was usoii fa one casetnetv jsvsidice lohowed ireaisi At by It Simpson reports that 
acnSavin was tried in j 11 hisca esw bout any apptenabie effect on tbe course of the 
disease 

SuifaiultuBtd« — During 1938 some tff reports appeared tn the htera 
lure regarding thu treatirent o( undulant fever wuh sulfaniiamide and its 
conipounds In the repnrttfi successful treatnent of 14 cases only 7 
showed the disappeararce of the temperature rvtthjn 7 dajs after the 
beginning of the treatment The fever disappe>-red usuaJlj tn (ron 
S to 6 davs alter beginning treatment bat in r case did not disappear for 
44 da>s The diagnosis was made- b> the agglatination test, except in 
S instances when Brucella was isolated from the blood 

In a case treated by Battels (ioj8> on the first day pogr of sulfanilamide wasp en 
and for 9 subsequent d ys Oo 8t * day Mier 10 days lie temperature was aotaiil. 
l>n lie other hand Kleebetg (1930) mated ft cases with suffanilanude but was unable 
10 observe any laffuente upon (he chnical ^tnre (Iiwever 11 seemed to inffuence to 
some estest (he bacterueraia as iru dnnooa rat d by tb Msmuutiou of the blood 

XieboBo {io39> treated cases in Malta wjJb suUanilsmtde In all 
cases the diagnosis was confirmed by th<* agglatination reaction of over 
I looofEr inelilensts Inn blood culture was positive Sateen were 



5 oS IREATME^t 

of tho ordinary type, 4 of the malignant and 6 of the mild intermittent 
t>'pe In 18 prontosti nibrum was used tn 4 ptonlosil album and ta 
3 streptocide The a\eragc dose was 4 j gns dail> for 7 dajs but this 
was prolonged to 12 days in 4 instances and stopped earlier on account of 
mlolerance in 5 In 19 cases there was no apparent cSect of the tempera 
ture or on the course of the disease In the other 6 a relapsed one died 
one was a \erj mild case and 2 recosercd in the 8th and 17th week 
respectively In 5 instances blood culture was attempted upon the 
seventh daj of the treatment and in 4 of these it was positive In the 
fifth the culture was contaminated Debono is therefore definitely of 
the opinion that these drugs are not useful in undulant fever la Malta 
and m view of the usually low mortality of the disease and the definite 
clement of danger in sulfanilamide therapy considers its use is not justified 

Bynum (1939) luts repotted 6 cam jwitbacule 1 MtlisubKute aadawJtbdjroBic 
bruceUoiis Th.e diagnosis wts confirmed cither by aggiulinstioo or skin tests Sul 
faniUrtade »m B>ven in adequate doses but although improvement {allotted in 3 hltt 
relapses o«eurrc<! Two of the patients eipetienctd no relief of lyinptona Bynuio 
f mpbasiKs that he has not been able to obtain the satisfactory results repotted by other 
investiBators 

Horn (1940) has reviewed the treatment of 83 cases by different 
observers with sulfanilamide or its dcnvaltves He found that the reports 
indicate a fav orable influence on the subjective symptoms of the disease 
m a ratio of 2 to i He elicited this same ratio in 54 cases However 
only 2 of the cases were acute and m one of these sulfanilamide was 
regarded as resulting in a cure with 40 grains ? 6 gm daily for 17 days 
w hile the other patient failed to respond and died 8 months later although 
she was given 3 additional courses of the drug 

Huddleson (1940) also points out that while the early reports indicate 
that It might be a specific m a large number of acute and chronic cases it 
has had no eifect on the course of the disease He observed its 
15 patients and in none of these was the course of the disease affected 
Spink C1940) also reports disappointing results in several patients wuh 
undulant fever treated with sulfanilamide 

I o«»«e Uieropy has been employed for many years in Europe and foe 
more than 10 years in the United States Jvcnnedy Eyre Castellani 
Bassett Smith Owen and Newham Giuffre and Prausnitz have among 
others recommended the use of vaccines m certain cases In earlier years 
Eyre thought prophy lactic inocufatioos had distinc t » aJue w hde Castellani 
reported that he found vaccines useful occasionally in protracted cases 
with very low fever Bassett Smith after many yeare evpenence m 
treatment thought that vacemes naght be used with good results partic 
ularly in subacute and chrome cases From a large senes of cases he 
believed that their use was of no advantage in the acute stages of me 
disease He pointed out that methods which increase the phagocytic 

activity of the white cells in the blood such as the administration ofyeast 

nucleic acid combined with appropnate doses of vaccine are likely to be 
most beneficial 
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Manson Bahr and Willoughby tned many vaneties o£ vaccine in 6 
cases with large doses They obtamed no evidences that the use of 
vaccine given over a prolonged period of 3 months or more in any way 
modified the course of the disease However Manson Bahr (1936) 
points out that while stock vaccines are of little benefit the use of an 
autogenous \accine prepared with the infective organism of the patient 
in chronic cases sometimes results m a lowering of the temperature and 
the chmcal improvement of the patients condition Protein shock 
therap> with nonspecific protein sometimes leads to the same result after 
producing a febrile reaction with ngors 

Simpson (1930) m 46 cases emplo>ed a vaccine made from heat killed 
Brucella abortus standardized to 2 billion per cc with such apparently 
favorable results that he deaded to employ it as a routine treatment 
The vaccine was given by deep subcutaneous injection The usual dosage 
wasosscc for 3 injections followed by o see for 3 injections followed by 
I cc doses all at three day intervals The first one or two injections were 
followed by a mild or moderately severe general reaction in two thirds of 
the cases following which the reaction diminished in intensity after each 
succeeding viccmation In several instances the site of injection 
remained indurated for many days but no necrosis or abscess developed 
Following the first two or three injections the fever usually approached a 
normal level and the symptoms abated As a general rule those patients 
who expenemed the most marked general reaction had the most rapid 
favorable response to the vacane 

In order to determine whether or not (he results obtamed were entirely 
due to a foreign protein Simpson employed typhoid wccine in i casts and 
Btenie milk was used m 4 instances In these case there was a much 
more marked elevation of temperature following the injections but the 
subsequent course of the disease was not appreciably altered He points 
out that due caution must be exercised m the valuation of any therapeutic 
measure in a disease characterized by natural remissions 

Hardy reports that while vaccination has not been used in a large 
number of the Iowa cases they have observed rapid recovery following 
admimstration of the vaccine but have also seen other cases whose infec 
tions continued unmodified by the same treatment 
* > Huddleson also emphasizes that many cases have not been benefited 
by Its use and there is still very great difference of opinion in regard to 
Its value 

Ramsford (1935) who has employed it extensively in the treatment of 
the disease in Malta believes that if recovery is not obtained after 2 or 3 
injections of the \ accine its continued use is likely to result m more harm 
than benefit to the patients 

Huddleson and Johnson (1939) have recommended a (Seitz) filtrate 
of a culture of Brucella grown upon liver broth for intramuscular injec 
tion to which preparation the name of brucellin has been given If 
precautions are taken to determme the sensitiveness of the patient before 
administration Huddleson beheves that it can be used without dangerous 
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ot the ordinary tjpe, 4 0/ the malignant and 6 ol the mild interimtteDt 
tjpe In 18 prontosil rubrum vias used in 4 prontosil album and id 
j, streptocide The a\ erage dose was 4 5 gm dally for 7 da^s, but this 
rtas prolonged to ra daja in 4 instanccsandstoppedearher onaccountof 
intolerance m s In 19 cases there was no apparent effect of the tempera 
ture or on the course of the disease In the other f> 2 relapsed one died 
one Has a very mild case, and a recovered m the Sth and t7th ne-'k 
respectively In 5 instances blood culture was attempted upon the 
seventh day of the treatment and in 4 of these it vvas positive In the 
fifth the culture was contaminated Debono is therefore definitely of 
the opinion that fliese drugs are not useful la undulznt faerm MsHa 
and in view of the usually low mortality of the disease and the definite 
element of danger in sulfanilamide therapy considers its use is not justified 

Bynum fipjoJhasreportedacises }iritli«cu(e j MtJijijbaeule andju-ilbcirooie 
brucellosis The diaRnosis «a» confirmed either by sffglutinalion or skio t«ts Sol 
fanilamide was given in adequate doses but alibougb improvement foUowed in a bier 
relapses occurred Two of the padenls eipeneoeed no relief el symptomt Byaum 
emphasiaes that he has not been able toobtam the saus/actory result* reported by other 
investigators 

Horn (1940) has reviewed the treatment of 8j cases bv difftitat 
observers with sulfanilamide or its derivatives He found that the reports 
indicate a favoMbie influence 00 the subjective symptoms of the Asfa«e 
in a ratio of to i He elicited this same ratio in S4 wses However 
only 8 of the cases were acute and in one of thc»e sul/aniJamide was 
regarded as resulting in a cure with 40 grains 6 gm daily for i? days 
while the other patient failed to respond and died 8 months later alihoUoh 
she was given 3 additional courses of the drug 

Huddlcson (1940) also points out that while the early reports indicate 
that It nught be a specific, m a large number of acute and chronic casts it 
has had no effect on the course of the disease He observed its use in 
rg patients and in none of these was the course of the disease affected 
Spmk (1940) also reports disappointing results in several patients with 
unduJant /ever treated with suJ/anilamide 

I accitte therapy has been employed for many years in Europe and for 
more than 10 years in the United States Kennedy Eyre CastelJm’ 
Bassett Smith Owen and Kewham Giuffre and Prausmt- have, among 
others, recommended the use of vaccines in certain cases la earher years 
Eyre thoughtprophylactic inoculations had distinct value while Castellam 
reported that he found vaccines useful occasionally in protracted cases 
with very low fever Bassett Smith after many years e<penence m 
treatment, thought that vaccioes might he used with good results parfm 
ularly in subacute and chronic cases From a large senes of cases «« 
believed that their use was of no advantage in the acute stages of t e 
dvsea e He pointed out that methods which increase the phagocyti'- 
activity of the white cells in the blood such as the administration of yeast, 
nucleic acid combined with approjtttatc doses of vaceme are liUly to be 
most beneficial 
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(ebnle penods and afebnle lapMS and sufficient evidence is not jet avail 
able to determine the definite effica^ o{ anv of these means of treatment 
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consequences The dose is gauged by means of a preliminar> intra 
dermal injection of o 2 cc If the local reaction is very sev ere and there is 
no immediate fall in temperature the treatment is abandoned as too 
dangerous 

If there is no reaction at all as happens in a number of early cases the treatment is 
postponed until an allergic response is developed If the reaction is moderate a dose ol 
betweeno 5 and t CC is injected intramuscularly Afters days a slightly smaller doseis 
injected If decided improvement is not obtained by the fifth injection it is felt that 
it IS useless to proceed It is not advised to give an inoculation with brucellin if the 
temperature is above 103 Iluddleson bebeves that brucellin favorably affects the 
course of the disease by producing a systenuc alleigic reaction which is accompanied 
by a neutrophilic polymorphonuclear leucocytosis and increase in immune opsonms 

He reports that in more than 500 cases treated with brucellm the 
disease was favorablj influenced in approximately 85 per cent Never 
theless brucellm fails to affect the course of the disease in approximatelj 
15 per cent of the cases treated He points out that it is difficult to 
e\ aluate the efficacy of speafic treatment since it is a well known fact that 
the symptoms m many cases are only of short duration A total of 86 
patients were studied at Malta 28 remained untreated as controls and 
xa of these recovered in 20 days The remaining 16 showed symptoms 
of the disease 2 months after admission Dunng the duration of the 
disease treatments in 20 of the cases varied from •> weeks to i year The 
injection of brucellin had little if any effect on the course of the disease m 
7 cases The average duration of symptoms in the remaining 51 cases 
after beginning treatment was 12 days, the shortest being 3 days 

Earlier reports upon the value of serum treatment of the disease have 
not been encouraging Fosbay and Wherry (193s) have employed a 
detoxified bacterial antigen in the preparation of an antiserum for the 
treatment of undulant fever Goats were used at first in the preparation 
of this antiserum but more recently horse serum was found to be equally 
satisfactory FJjppin (193S) has reported encouiaging results in the 
treatment of 5 cases with a polyvalent anti melitensis serum of bovine 
origin Creswell and Wallace (19^6) have reported remarkable results 
from the injection of patients with whole blood from individuals who have 
recovered from the disease They used the phagocytic test as an index 
in the selection of appropriate immune donors and reported that the 
phagocytic index ran parallel with the climcal condition of the patient, 
being low during clinical manifestations of the disease and high following 
recov ery 

Nonspecific protein therapy has also been employed in treatment 
and several clinicians (Erwjn Hunt and Niles 1936) have inoculate 
typhoid and paratyphoid vaccines intravrenously with reported success 
Simpson, how ever found that the subsequent course of the disease w as not 
appreciably altered by such treatment , 

Pnehman and his associates (1938) have advocated physically induce 
hyperpyrexia as valuable 

Obviously a decision as to the value of any method of treatment 1 
undulant fever is difficult especially on account of the alternations 0 



Chapter X\II 
LEPKOSy 

DEFIVITIO'J AVD SiMOWMS 

Synonyms — Lepra elephantasjs graecorum leontiisis satjnasis 
French La l^pre German '\ussau Norwegian SpedaSskhed 

Defiaihon — ^Leprosy is an infecHoos disease peculiar to man with a 
prolonged incubation period and chronre course It show s itself in most 
cases by pigmentary changes u» the skin and by the iormatioa of character 
istic nodules particularly in the skin mucous membnines nerves bones 
and viacera which give rise in some instances to thickenings and granu 
lomatous tumors and m others to alterations in sensation (analgesia) 
anaesthesia and to degeneration of tissue ulcerations progressive con 
stnctiona and mutilations of the eitremilies It is caused by \Tycohac 
(eri«m Uprat which is especially prevalent m the granulomatous lesions 
The infection after a long course is usually fatal 

There ate two well recognized types of the disease (i) neural and (a) 
nodular The type characterued b> granulomatous proliferations in the 
conum and subcutaneous tissues as well as the lymphatic glands u 
known as nodular or skm leprosy It shows spots and nodular snfiltia 
lions chiefly about the lobes of the ears alae of noic and region of the 
eyebrows with falling out of hairsof theeyebrowsand ihebeaided region 
It also involves the ectensor surfaces of the forearms and dorsal surfaces 
of the hands and feet Tlie palms of the hands and soles of the feet ate 
almost never invaded The other type is known as nerve or maculo 
anesthetic leprosy and is characterued by nerve thickenings flat anaes 
Ihetic spots chi^y of the covered region of the body muscular palsies 
and atrophies with trophic changes leading to contractures and mutila 
tions \\Tien the two types are associated the condition has been 
designated as muted or cutaneous leprosy The mayonly of the cases are 
of the mixed type as it israre to see a casein which the lesions are limited 
entirely to the skin 

The International CoBgr«s of Leprosy (1938) recommended (with 
reference to the tariict classification of leprosy into the neural and cutan 
ecus types) that while the term neural should be retained because the 
term cutaneous leprosy had proved contusing its use should be dis 
continued and replaced by the tern lepromatous They defined the 
two types of the disease as follows 

Neural (K) Type ~tUc*s<sol the benso ferm of lep osy w th d turbancesof 
p fyneuciuc nature {le site stiOTs of penphersl sensston irophc disturbances 
iltopbes »n4 parslyses and Iheir sequ^e) or nucules of Boolepromatous walure 
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The early history of the d sease m Europe is umf sed p tticularly by the fact that 
leprosy was often confounded with elephantiasis or Grecian leprosy anenti ely diflerent 
d sease or w th syphilis and various tber sh n diseases It has been suggested that 
the Greeks called the disease elephantiasis because of Che stump foot and dragging ga t 
so frequently present Thereseemstabegeoeralagreement however that the endemic 
leprosy of Egypt was not known to the older Greek physicians practicing in Greece and 
that it did not show tself in the R man Empire uot 1 the last century B C It appears 
th t the d sease nas introduced into Europe from Egypt m the First Century by 
the returning legions of Pompey Aretaeus n the S c nd Century A D gives a good 
description of it It however was a still longer time before it attained a ge e al 
d 3 s on m Europe 

For the hi t rj of leprosy in the countries n a er Asia our more definite information 
goes back to the ninth and tenth centuries of the Christian e a The writings of the 
\rab an physician Rha es and otheis of thi period gi e defimte know! dge of the 
prevalence of the d sea emhfesopatamia SynaandPersia InthewesCe nhemisphere 
H I ch tells us according to the uniform statement of authont es m Guiana and the 
Uetindie leprosy was unknown nt I the arrival of the negro slaves In Bahia the 
earliest ecount of its occurrence goes no further back than 1735 Also i Paraguay 

d Uruguay the outbreak of the disease s t ced to the introduction of the negro race 

During the Middle Ages Iepro»v increased cnotmousl) In northern 
Europe It began to appear m the 6th and 7th Centuries and its spread 
with the crusaders was appalling reaching its (ull height in the Thirteenth 
Century The leper wandering abroad an outcast from human society 
living apart in huts m the open fields became a common figure often 
referred to in the literature of the period 

The lepers at this penod were compelled to wear a special dress to use a clapper 
whe passing along the roads to ind cate only with a stick the ticlea they desired to 
b y in a ma ket while th y ne e forbidden to dr k f om public fountain to touch 
child en to spe k to a he Ithy person in a loud voi e or to eat w th any pe s n other 
than a lepe Further the chu cb peiformed a bu lal ervice over a person who was 
diagnosed at a leper and therefore ofGcielly be was dead 

There e t leg sUtive e ctments of historical mportance agamst the marrying 
of lepe s and on their segregation made by Rolbar Ri g of the Lomb ids m th 
Seventh Cent y by P ppm in nd by Cha lemagne in 78$ one for the empire 
of the Franks m the th Century and f r England m the year 950 Leper h spitals 
for the care of these u f rtun tes were already entioned by Gregory of Tours about 
560 In the 8tb Century there a e eferences to the r c nstruction in the Fra lash 
ki gdom and in the Ninth in Ireland As the disease spread iar and wide the advan 
tage of these retreats for pu p es of segregat on became apparent and they tut ed 
out to be an important factor in Ibeev nlo I stamping out of the d ea e In England 
the first leper asylum w s f unded m Cant b ry in 1096 From England the d se e 
spread to Scott nd Robert Bnicc dying of it in 39 Some idea of the importance 
which lepro y had reached during tb Thitteenth Century may be obtained from a 
knowledge of the fact th t during that centniy there were 19 000 of these lazar h uses 
oricpro ria as they w r called 2 00 of which were France alone \ichowinbis 
study of leprosy nth Middle Ages b given an account of th se institutions m Ger 
many during the 13th and 14th centuries and has emphasized the importance which 
they played in the subsequent suppression of the dse se He points ut that their 
erection represented ot only a wa e of human chanty but a g eat social and hygienic 
pr phyl ctic mo ement Leprosy bad di ppeared as an epidemic by the m ddle 
ofthe 6th Century and as it diminished thenumberoflazir houses began to d crease 
The dis ase h d so completely d ed out by the end of the 16th Cent ry that in 1656 
t 166 Lou s \IV Was ble t abobsh the lazar ho d dev te their endowments 
to cha ity a d to the c struct on of genetal hospital At th s time it was found that 
maty indi duals suf n g with oth r d eases resemUing leprosy had als i been con 
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(i e teprides usually with localized sensory disturbances) or both These cases give 
evidence of relative resistance to the infection are of relatively good prognosis as 
regards life although mutilation may take place and usually react positively to leprolin 
Bacteriologically the skin lesions are typically but not invariably found negative by 
standard methods of examination though the ru al mucosa may be found positive 
Many of these lesions are histologically of tuberculoid nature 

Lepromatous (L) Type — All cases of the malignant form of leprosy relatively 
nonresistant and of poor prognosis usually negative to leprolin exhibiting lepromatous 
lesions of the skin and of other organs especially the nerve trunks Bactenological 
examination usually reveals abundant bacilli Disturbances of polyneuritic nature 
may or may not be present they arc usually absent in the earlier stages and present in 
the later stages of primarily lepromatous cases and are often present in cases an mg 
secondanly from the neural form 

The neural type of leprosy may be divided into two subtypes namely anaesthetic 
and macular In the anaesthetic variety of neural leprosy there is evidence of involve 
ment of the nerve trunks only (polyneuritic changes and sequelae without macular 
skin lesions) in the macular neural type the lesions may consist only of Sat macules oi 
IQ other instances of raised tuberculoid macular patches 

Leprosy is caused by an acid fast bacillus which has not been satisfac 
torily cultivated or inoculated into animals with successful reproduction 
of the human lesions It is found m extraordinary abundance in the 
granulomatous subepithelial tissues of nodular leprosy In nerve leprosy 
however tt may only be present in scanty numbers or not found at all 
It 18 especially likely to be found m the perineurium and endoneurmm of 
the ulnar facial or perineal nerves 


History —Historical records are oot sutbciently definile to allow one to decide 
where leprosy originated but ii is certainly of great antiquity Thus leprosy is often 
referred to in the Bible but from some of the references to it it is evident that other 
skin diseases and particularly psoriasis were sometimes confounded with it as would 
obviously be natural at that period However in Leviticus Chapters \ni and \I> 
truly remarkable passages regarding the diagnosi and prevention of leprosy are to be 
found More or less definite directions are given regarding segregation and disinfection 
and the incineration of the patient s garments and the closing of the house in i hich he 
lived These directions regarding leprosy continued in force in the Middle Ages 
Notwithstanding this fact some authors have claimed that the biblical references are 
not sufficiently distinct for us to be sure that leprosy is referred to and that the worii 
Zaarath under which leprosy was perhaps designated had a theological rather than 
a medical meaning Accounts that seem reliable of the occurrence of the disease on 
extra European soil date from the time of the exodus of the Israehtes from Egypt their 
wanderings m the desert and the establishmentoftheirpowerin Palestine If appears 
moreover that leprosy had been endemic m Egypt fromthe remoteat times since in the 
Egyptian papyrus discovered by Brugsch m 1875 * disease rcsemblm leprosy is men 
fioned as early as the reign of Hesepti of the First Dynasty probably 4®°° 
before the Christian era and more importantlyit is also referred to in the Ebers papyrus 
compiled 1500 B C Lepro y seems to have been likewise prevalent in ancient 
Persia where before the time of Herodotus (Herod I) there were stringent laws 
expulsion of lepers from the towns It was known as the Phoenician di ease wmc 


suggests Asia as Its origin 

It also appears to have been known in India dunng period of very great antiquity 
In the Rig Veda Sanita of Atreya about 1400 B C references to the d sease 

entlv given under the term Ku hta and from the writings of Charaka and Susru 

we can apparently distinctly trace its occurrence m India to the 7th century B C 
Japan it seems toba ve been recorded first in isyoB C and in China one or t vo centuri 
before Christ 
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Venezuela and Cuba It is not uncoDunon an Coatral America Cuba and the ^est 
Indies The above figures relate only to typical advanced cases and obviously do not 
include many infected areas for which bo data are available In some regions the 
disea e is on the increase 

In the Untied States iIcCoy (1938) reports th4t there are some 400 to 
500 active or registered cases of leprosy and at least half as many not 
known (or registered) At the national leprosanum at Carvtlle La there 
have been some 400 cases of leprosj The majontj of these came from 
Louisiana and Tera a small number from Flonda A few cases hav e also 
originated in South Carolina 

In 1918 there were 365 cases 7S discharges and 59 new admissions In earber years 
in Minnesota and the adjacent states there were some 100 cases the great majority being 
Scandinavian imm g nts However 1 recent years the d se se has shown no ten 
dency to spread in the Northwest and has practically disappeared m this center A 
small focus existed for over 00 years at fracide New Brunswick Puring 19 3 there 
were cases of leprosy diagnosed ID Colorado Illinois Caldo ma Minnesota New York 
Texas Maryland North Dakota MassachuKtts Nevada Pennsylvania Louisiana 
Neb aska New Jersey and Artxooa In addition to the infection in these 
states eases of leprosy were diagnosed in 1914 m Georgia Kansas and Salt l^ke C ty 
Ferdyce (19 5) reported upon 47 cases which came under his observation in New York 
City Blumer has se n 5 cases id Connecticut in 19 years So the physician nay 
meet with sporadic eases from tune to tune Kattered throughout the United States 

EltOLOCY 

Mycobactenum leprae (Bacillus leprae) Haasen> 1874 — This organ 
ism IS the accepted cause of human leprosy and is usually present in great 
profusion within cbaractenstic cells in specific lesions The constancy 
with which It la found in the lesions and the failure to find another cause 
make its acceptance as the etiological factor of leprosy almost universal 
However absolute scientific proof that Afycabaelertum Uprae is the sole 
etiologic agent still requires satisfactory cultivation and the reproduction 
of the infection by satisfactory inoculation of man or suitable animals 

Morphology — Uycobatlertum Up as it occurs m typ cal lesions exhibits marked 
pleomoiphism Its form and tnicture are pa ticulaily revealed when tissue films ate 
gently steamed with catbofuebsin for s Duiiutes decolonzed in s per cent hydrochl nc 
acid 0 0 per cent sulphuric acid and counter stained with methylene I lue The 

bacdli vary in size from i 3 to 5;* m length and from o » to o 5ji in width with parallel 
edges and rounded ends Curved fo ms with pointed ends sent uncommon The 
organisms stain quite undo tnly in preparsti ns made from the tissues m the quiescent 
phase of the d sease In the reactionary and r solution phases or unde theinSuence 
of treatment the individual organisms may be mult gra u1 r c ccoid monopolar or 
bipolar Round spore like bodies wb ch stain more intensely and have a diameter 
greater than the tb ck ss of the cell often g e a distinct granular appearance to a 
clump of the b ciIU A so-called ultra vims stag in the 1 fe cycle of the baaltus and 
in the organism of rat leprosy has b en reported by s v ral ob erveis Its evistence 
mighte plain the lately of acid fast baoU mthecarlylesionsandin themo eadvanced 
lesions of the neural type Ho ever as yet there is no definite evidence that such a 
VITUS stage exists and no satisfactory susceptible an mal s known with which to demon 
atr te the existence of such a virus staie n the human orga sra Experiments with 
the inoculation of filtrates of the rat leprosy baolh are inconclusive (Lowe 1937) 
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fined m these jastilutions v ilh trueUpew Rehcs ol the disease in the art of this penod 
are preserved in Rubens painting ofSt MarUn in Windsor Castle aometimestttnbiiird 
to \ an Dyck andMunliosSt ntiabeth la the Trade 


Geographical Bistnbuboo — Ltprosy is more particularly a disease c! 
tropical and subtropical countries, though it is rather -widely diffused in 
many parts of the world It has been estimated that there arc some three 
jdjILod cases in the umierse In JCi/rfipr dunng jo years some 7000 cases 
have been reported with about tooo each in South Russia the Baltic 
Provinces and Crete, and some 500 each in Turkey Rumania Spain and 
Portugal There are also other scattered cases in northern Europe no 
part of which may be said to he entirely free from the disease 


In France during reetnl yens a (attly large number of cs*e* have been reported 
and the disease has been fairfy prevalent in parts of Tfussi* Ifowevet in Europe in 
recent yean the disease has shown no tendency to spread FUndm and Ragu recently 
conducted a careful sludy of the ongin and tn<^e ot contagion of os lepers in Pan* w* 
ila eni’irons and found that only 6 had contracted Ihe disease sn France hfseteod 
(1939) reports that there are a few lepera still so Great Untain but the majority are 
adults who have returned from tropical countries In Italy the same thieg is tree 
The cases are generally found in peasants who have returned afier jnigwtmg to Latm 
Amenci How ever occasionally casts develop ii» }it)y by conlact in individuals who 
have not been away from the country In Norway Sweden Iceland and Finland 
where the disease was formerly common it has become greatly reduced in recent years. 
In 1937 only tone So cases were reported in all these four countnes 

Inufita ieprosy IS widely districted »t being estimated that there are some r rjo 

000 eases scattered partkcufatly through China Japan and India Indo China Siam the 
rhilippine Islands and the Cast Indies nith smaller numbers reported in Afalaya Cey- 
lon Persia and elsewhere in the inlenor In India it was estimated in 1803 
H ere over leo 000 cases and in Japan in 1919 over 30 000 « hile the Island ot Java has 
over 4000 cases In the Philippine Islands Rodnguea (i 938) reports the totil ouaibK 
of lepers under segregation as 3 j66 llooevcr in the survey conducted in the Wand 
of Cebu It lias found that for every leprosy case open (one with active lesions) one 
closed case w as found roughly speaking Applying this ratio to the rest ot the Philip 
pines he believes there are approjumately 10000 cases of lepnsy throughout the 
Islands as a whole Although the disease is found in all the provinces of the Philippine* 
the incidence varies greatly varytaglnm oS prr 70 00a for the mountain provsnees 
to 16 3 per I 000 lor the Province of Cebu In tfawaii several years ago )l was esti 
mated that there were about yoo lepers Leprosy was ratroduced into that counfi-y 
about 1854 and reached Its majumum prevalence in 1B94 smee which tune there has 
been a slow decline but 411II from 30 to 100 new cases are reported each year In 
Austrsiian group of islands and m the i^nds ot the Pacific leprosy is fairly cotomon 
In A/rica it w estimated thit there are some joo 000 cases of leprosy It is parlicu 
larly prevalent in the southern part and is noticeably on the increase The disease i* 
found in most parts of tropical central Africa where it has been foofced for end par 
ticularly besides m South Africa in Egypt and filadagascer Recently (jpip) wpotf* 
indicate that one of the highest endemic centers is probably in Centrat Africa where r® 
parts of the Belgian Congo something like id per cent of the population was said to 
have leprosy A decade ago at Panyasig in the (^meroons it vias reported that ag pe 
cent of the natives suffered from leprosy Scott <1939) slates that the territory eaten 

ine across Central Africa from Ivigena to Abyssinia is the most severely infected in to 
world Ifowevei- m Jp35 >« »h«» country where ij leprosy treatment colonire M 
been established the rate vn the southern part of the country was reduced to 30 3 f 

the vKsUrn imtsphtrt it is (sbouted that there are some 30 eoo cases Tb« 
disease prevails throughout South Aioma especially in Brazil Guiana Coiamb a 



In recent years, the reiattonship of Uiesi' cultures to the true ieprosj 
bacillus has been questioned Wbdc with some of the e cultures tran lent 
granulomatous nodules have been produced in animals also similar 
nodules have been obtained " ilh other aod fast bacteria such as the ha> 
baciUu (?/ phSetj 

The employment of various serolopcal tests for the determination as 
to which type of organism cultivated is the etiological factor in the disease 
has not led to any very definite results Neither the study of the aggluti 
nation test nor the complement fixation one has been of assistance in this 
conn''utio'i so that at present many uiveatigators are not convinced of 
the successful cultivation of Vvc»6ac/e««»t {efrae Furthermore the 
inoculation of animals with human leprous material containing erormous 
numbers of organisms does not give n e to typical progressive lesions ard 
the question of the identitv of an> organism isolated must therefore 
remain open 

Soule aad McKinley fiyjS/ wcut led leproraa suspens ns in Mereal media and 
especially lo loim re gbterin agar in arymg pari al prtstn t of osygen and carbon 
dioeide 40 and lo per cent respecti tly and obtamed i6 subcultures in i$ month in 
eacbeaeofa d fail bacilli !n ipjy Mcl tnle/ ard de Leon reported basing vatried 
(be cultivation though do gerecations balle and MoMr aodtirg n the Caivile 
L^per bcttlement and osin glyceno veal egar vitb cbnlt embryo pla ed under tbe 
gaieoue cond t ors recoamended b/ McKinley obtained e id and non acid fast rods 
tb former RIO t numerous in youog cultures and becomirg feaer as tbe cultur aged 
and more frequent on subcul uit Ounrg tpyo at ibe Calcutta Sefanoi of TiOtiical 
^fedicinc attempts neie made to cornrtn Ibis nork Twertv-four s rs of eaperi 
menci uere carried out and sooo tubes of d Serert medu inoculated Half Mere care 
fully incubated in the usual say and buU under tbe gaseous ten ion recoirmrrdrd by 
McKinley and *oule Th tubes «e e eaatnined peri^tca’ly over everal months (Jf 
yotubciae lediaAi^ui oydandkeptiaagaseojsenvir nfflei<iol4operc ^ oxygen 
aai to per cert carbon dioxide 3$ sho/td tlig''t macroscopic and corside able nucr 
tcopic evidence if colony formations sad ouny ousse of acid fast bacilli lere seen in 
tbe smears Ofanotbecro under ordinary atmosphen cond tions ta sboned milar 
but less evident gro I tb. Subfiltures wer b ing a« mptel but 00 raulUplivatioo 
of tbe bacilli bad so far been proved nor hud the organism b cn demonstrated (o be 
ilyccbacltrikm Upra tn ouiiced chick tissue melrurn baciUi persisted for a bng 
tune but there nas no multipliseiion Loir (lajq} reports tbat nbile the <vo k m 
cultivation at Calcutta bus been ootinurd node&nitemult pi catun bat been observ d 
in cultivatioas of either tbe bumsn or rut leprosy baatlus 

Lddy (193 ) bas also attempted to cultivate Jf Ipa bbe einployed 03 di 9 ereat 
cu’Cure med a and incubated tbe tnbn (i) under aerobic cond tions (21 under partial 
lension conditions ''3) with invreastd carbon diowde and oxygen as recommended by 
boule end JIcKinley aed fs) under anaerobic condit ons \a growth of any mi ro 
organism that resembles Af fcjra as it oixurau tbe tissues ras obUired Houtstr 
she did isolate a strain of tbe avian tubercle baolus on such medis 

Bukbaug (193 Hmiu ’'• orway basaisobeeou able to get an actual growth of the 
organism Loving (1043I has report 4 the culli atjon of the Itan en m croorgan m 
in vitro n the p es ace of a med uoi ear ched wUh Uuam oe ' lUr'iti It 1 

The majority of the Committee of the fnternational Leprosy Congress 
m 1938 agreed that the problems of the i« vUn growth of the causative 
agent of leprosy have not yet been served satisfactorily Soule states 
that while his cultures are sttU alive ^tcr mare than 60 transfers the 
growths arc still very slight McKmley (1938) stated that the limited 
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Distinction from Bacillus tuberculosis —In size shape and staining 
reactions M leprae at times is practically indistinguishable from the 
tubercle bacillus but usually can be diflferentiated by the following points 

(0 Leprosy bacilli are found ordinarily m huge numbers in the lesions chiefly 
within the so called lepra cells and are often grouped in packets like a bundle of cigars 
tied together or arranged m a palisade Chains are never seen Most noticeable is 
the presence of both intracellular and extracellular global masses known asglobi which 
consist of clumps of bacteria enclosed in capsular material 

(2) Leprosy bacilh usually stain more solidly and the granules are coarser and more 
widely spaced They may be stained by the ordinary strong bacterial stains such as 
cold dilute carbol (uehsin and by the Gram stain with which the leprosy bacillus is 
Gram positive In a few instances Gram positive variants have been descnbed 

(3) The leprosy bacillus does not resist the decolorization in acid fast staining quite 
so well as the tubercle baallus although there is some variation in the individual 
strains in this respect \\ ith the Ziehl Neetsen method with 3 per cent IICI in alcohol 
It decolorizes much faster than the tubercle baallus while with 20 per cent H SO m 
water it may hold its color almost as well Some prefer to use for decolorization a 5 per 
cent solution of the aad 

{4) The leprosy bacillus has not been satis/actnnJy cultivated and does not on 
inoculation produce disease in animab and it may be differentiated especially from the 
tubercle bacillus by its failure (0 cause characteristic lesions in inoculated guinea pigs 


of the leprosy baallus has been attempted repeatedly with 
for the most part, negative results Some investigators however have 
obtained growths from leprosy lesions of acid fast bacilli (both chromo 
genic and non chromogenic) or of acid sensitive diphtheroids which ib 
some instances developed acid fast forms upon cultivation Branching 
bacilli and granular and coccoid forms have also been descnbed Recently 
several investigators have reported such growths from filtered extracts of 
leprosy nodules (both human and rat) It is believed by some that these 
various types (including a fUtrable form) represent different phases in the 
life cycle of the leprosy bacillus which in the human body exists as an 
acid kst tissue parasite and multiplies only within the cells 

The organisms which have been particularly cultivated from the active 
lesions of leprosy may be divided into 5 groups 


1 Partially acid fast or acid resistaot diphtheroid orgamsms — the Babes Kedro« 
sky type At least eighteen investigators have isolated imcroorganisms which appar 
Mtly may be included in this group 

2 Acid fast orgam ms which produce yellow or orange-colored colonies Five 
investigators have probably i olated organisms of this type Clegg being tie first to 
obtain a definite growth in pure culture 

3 Anaerobic acid fast organisms isolated by Ductey Campana and Serra 

4 Acid fast bacilli which do not produce colored colonies Five investigators ol 
whom Karlinski was the first have claimed to have obtained organisms of this type 
Duval s recent work has been the most convmang regarding the etiological position 0 


this organism , . t» 4 hv 

5 Acid fast streptothnces isolated by Deycke Pascha and Reschad Bey ana oy 

From a study of the literature one concludes that probably at least two tie dipi 
theroid and pigmented acid fast and perhaps all four varieties of these bacilli have 
been more or less commonly encountered u leprosy tissue The diphtheroid organism 
have been found m various parts of the world lo connection with the pigmented aci 
last bacilli the expenmen ts of Clegg and Duval are of interest 
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showed fully developed leprosy 3 years later Unfortunately for the 
value of the experiment the man was a native of Hawaii and had lepers 
m his own familj Against this experiment are the numerous instances 
where physicians have inoculated themselves and others with leprous 
material with invanablj negative results in Europe and Hawaii Daniel 
son inoculated himself and members of his staff with leprous material 
and later Profeta performed other inoculations on 10 individuals but 
without success in a single instance Vedder in the Philippine Islands 
also failed to successfully inoculate Philippine convicts However 
DeLangen (1936) reports a case which he and Lichtenstein obser\ed A 
European hving in the best surroundmgs in the middle of a European 
residential district was attacked b> gall stones The doctor who was 
summoned at once had just returned from visiting a leper to whom he 
had given an injection He confused hi$ syringes (a fact which he was 
later able to determine quite definitely) and gave the patient a morphme 
injection with the same synnge that he had just used for the leper without 
previously stenlwmg it Six months later there appeared on the forearm 
of the European just at the place where he had formerly had the injection 
a nodule from which a further sLm affection spread to the surrounding 
peripheral tissues Six months later lepra bacilli were found in a small 
piece of the nodule which had been removed for diagnostic purposes In 
the second year a few small lepromata also appeared higher up the arm 
OD his face back and legs in all of which lepra bacilli were found After 
that energetic treatment was instituted There was no further spread 
of the condition the lepromata that were present became 8lowl> smaller 
m sections the bacteria diminished and hnall> entirely disappeared In 
addition to this there then followed changes m the leprous tissues which 
became typical connective tissue The skm sensitivity was restored 
more slowly In this case the incubation period was only 6 months 
which IS much shorter than is usually accepted 

Lazoudaky on June 6 1936 allowed himself to be inoculated intra 
tnuscularly with 3 gm of blood from a leper and s days later with a second 
inoculation of blood from another leper On July 30 two small subcu 
taneous lepromas appeared In August and September other lepromas 
developed and anaesthetic areas appeared within 5 months after the 
reinoculations In 1938 he presented himselfat the International Leprosy 
Congress as an example of positive infection after experimental self 
inoculation 

Accidental inoculation of physicians or attendants upon lepers with 
leprous material on surgical instruments through cuts and abrasions of the 
skin have generally resulted negatively However Rogers has reported 
a cases of doctors who wounded their fingers while operating on leprous 
patients and both not long after developed leprosy commencing with 
anaesthesia in one and red patches in the other on the very fingers they 
wounded la many cases however it seems evident that the simple 
implanting of the leprosy bacillus is not sufficient to produce infection 
Probably intimate personal contact at certain infective periods of the 
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multiplication of the germs indicated that the ideal media and environ 
ment for the saprophj tic enstence of M leprae had not been provided 

InoculabOD of Animals — nje many attempts made to transmit 
lepros) to animals have been unsatisfactory Adler (rpjS) reported that 
he had been successful in infecting the Syrian hamster, Cricetus auroUis 
with material from human leprous nodules having previously removed 
their spleens Evidence of multiplication of bacilli was obtained in 3 
of the 4 animals used and a generalization in i of the 3 Burnet (1938) 
also records the successful infection of i of a series of hamsters with human 
leprosy The spleen had not been removed Fiveotherexperimentswere 
negative The infected ammal was inoculated bv the msettion under the 
skm of a small dose of a human leproma In less than a > ear a subcuta 
neous lesion containing numerous acid fast bacilli developed In this 
instance it would appear that at least an engrafting of leprosy tissue had 
occurred Unfortunateli this work has not been confirmed Lowe 
(1939) in Calcutta, has inoculated with human leprosy material a number 
of hamsters some splenectomized Half the animals were inoculated 
intrapentoneally with an emulsion rich in leprosy bacilli and m the other 
half a small piece of leprosy nodule was put under the skin of each Two 
of the animals died within S months after inoculation, 12 were sacrificed 
months after and 3 a year after inoculation In none of the animals 
was any macroscopic or microscopic evidence of a chrome infection found 
Inoculations were also made in monkeys Six were splenectoroized and 
after the splenectomy wound had healed were injected intrapentoneally 
with emulsions rich in leprosy bacilli Four of the monkeys died within 
5 months of inoculation In one of the animaU, nothing abnormal was 
seen at postmortem and microscopically only a few acid fast bacilh were 
found in the omentum and mediastinal gUnds In j monkey s the appear 
ance was suggestive of a massive tuberculosis infection It is well xecog 
mzed that monkeys in captivity frequently develop a type of tuberculosis 
infection 

SeWards and Pinkerton (1958) report that the intracerebral miection of rat leprosy 
tmalsions wto monkeys and rabbits white rats and mice produces progres iveiy 
lenerahzed lesions In monkeys only low grade infections nert produced by human 
lepro y material Rats infected iDtrarerebrally revealed acid fast bacUli up to 3 * 
years without progressive disease or active lesions developing The infection of in* 
mesenchymal cells of the reticulo endothelial system by rat leprosy in the organs and 
sheath of the nerves was demonstrated 

EpIPElIIOtOCY 

Most authorities agree that every case of leprosy owes its origin to 
contact direct or indirect with some other case but evact evidence as to 
the manner in which the disease is transmitted or even the proof of 
transmission is to a great cTtenl lacking 

In connection with its infectious nature frequent reference has been 
made to the inoculation eTperinient by Aming of a freshly excised leprous 
nodule sewn into a skm incision of the arm of a condemned criminal In 
this case a neuritis dev eloped shortly after the inoculation and the patient 



difficulty has been that there is no animal m which progressue leprosy 
can be produced expenmentallj and human experiment has generally 
failed except in rare instances 

The two portals of entry that have been especiallj considered and 
seem to be the most likely are the sk$» and the fiasal mucous membrane 
In earlier years it was belie\ed that the initial lesion of leprosy frequently 
occurred in the nasal mucous membrane Pinkerton (1938) found that 
careful study of the mucous membrane will reveal that practically every 
leprous patient has some nasal lesion due to leprosy Del Rio (1936) 
showed that the nose was attacked in 8 j per cent Such lesions also 
frequently occur early in the course of the disease Howev er de Azev edo 
examined smears ham the nasal mucosa in 59 persons who were in close 
contact with lepers but did not find acid fast baalii m a single instance 

In this connect on it is of interest that Waysor and Nassaga (1935) reported success 
m mfectmg r ts with rat leprosy by intranas I instillation of rat leproma suspensions 
without traumatizing the n sal membrane 

The leprous changes which occur 10 the buccal mucosa of human beings are found 
usually in cases of long stand g and the evidence doe not point to the mouth as a 
portal of entry However when the mouth and pb rynx are disea ed large quantities 
f leprosy b cilh m y sometimes be expelled from the mouth when the patient coughs 
or t eezes and it seems possible tbst tbe tepro y bacilL infection m ght occasionally 
be introd ced into another individu I m (his m nner PinVerton (1938) found that 
more than so pet cent of leprous patients bad demonst able inUltrated and nodul r 
lesiona of tbe tonsils It also seems possible that s cb introduction might exceptionally 
occur from the inhalation of infected dutt 

The gorfro tnieitmal tratl is a| patently not favorable for Ihe d velopment of leprous 
lesi ns Bl ck m the examinet on of (he intestines at autopsy of 75 lepers many of 
the cases being well generalized isfectio s failed to find leprou les ons m the intestine 
However whether the bacilli can enter (be body through ihe gastro intestinal tract 
without producing visible lesions catiDOt be answered 

Sktn — On the other hand Rogers and a number of other observers 
believe that the common mode of infection of leprosy is in all probability 
through accidental abrasion or through other lesions of the skm Leprosy 
bacilli are being continually discharged from ulcerated nodules as well as 
from nasal lesions in at least 80 per cent of the nodular cases These 
cases therefore are particularly dangerous as foci of infection In the 
anaesthetic form the bacilli arc obviously not given off from the nerve 
trunks and are only discharged in the nasal mucus m about 6 to 13 per cent 
ot the cases 

The numerous attempts to inoculate man experimentally which have 
generally resulted negativ cly have already been referred to How ev er in 
this connection it must be emphasized that many individuals appear to be 
practically immune to leprosy and that man vanes greatly in his suscepU 
bihty to the disease 

Insects — It has also been claimed that leprosy may be transmitted by 
ffies bedbugs Seas ticks lice itch imtcs or chiggers Particularly durmg 
the febrile periods of leprosy Af leprae may circulate in considerable 
numbers m the blood and any blood sucking insect might ingest this 
organism 
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disease, as well as special susceptibility influenced hy poor nourishment 
and ill health on the part of the recipient may be necessar> for the 
successful communication and acquisition of the affection 

Immunity — There is little doubt that the susceptibility to the disease 
varies greatly in different indi\)duab and it would appear that many 
healthy individuals are at least relatively immune to lepros), and to 
successful inoculation Thus leprosy runs a benign course in many who 
are apparently highly resistant and in these cases the lesions are usually 
present m the peripheral ner\es In highly susceptible individuals the 
disease often assumes a malignant course with rapid proliferation of the 
bacilli in the skin and internal organs forming the characteristic lepromata 
Also in a considerable proportion of lepers (about one third of those in 
the Philippines) the disease becomes arrested that is climcally inactive 
without treatment Generally the most infectious patients are those 
with numerous nodules and ulcerations 

Hopkins (1938) suggests that leprosy is not easily acquired by the average adult 
individual because of characteristics Ibat are mberenl in hunself There is some evi 
dence that predisposition to the disease niay be a hereditary family characteristic As 
leprosy resembles tuberculosis more closely than it does other diseases what has been 
said of hereditary immuoity m tuberculosis may be equally applicable to leprosy 
Hereditary differences in individual resistance ate m all probability of great importance 
m slowly elevating the average level of resistance of a race through the principle of 
survival of the fittest Probably the ranty of leprosy among Europeans at the present 
time has been at least intluenced by the operation of this principle It is noteworthy 
also that in contrast to the disappearance of leprosy in Europe u has spread rapidly in 
the Hawaiian Islands where it did not exist until comparatively recent times Its 
comparatively recent introduction in New Caledonia and the Island of Nauru was also 
followed by very rapid spread In these instances we may have an eeample of races 
without hereditary immunity 

In practically all countries m which surveys of leprosy have been 
made the number of males has usually been more than twice that of 
females This sex difference and incidence occurs m such widely sepa 
rated countries and among peoples of such different habits and customs 
that the conclusion seems justified that females are inherently less sus 
ceptible than males and that they do not owe their immunity to accidents 
of environment or to less exposure to contagion or to their habits but 
rather to inherent feminine characteristics 

Hopkins believes that the Negro in Louisiana has a higher degree of 
resistance to leprosy than has the Louisianan of Caucasian ancestry 

Method of Transmission — Nothing defimte is known of the method 
of transmission This question is complicated on account of the long 
incubation period of the disease which McCoy bebeves is ordinarily at 
least as long as from 5-10 years and may be as long as 20 years Hence 
when an epidemiological study is undertaken we are not so much con 
cerned with the circumstances relating to the patient within a compara 
tively recent time but generally with those which existed some 4“f 5 
before This is apparently one of the mam reasons why we have not 
been more successful in tracing the source of infection in leprosy Another 
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There are 2 types (1) of skin and muscles and {2) of the lymphatic 
^inds 

In the skin form areas of alopecia are present with thickening of the site invaded 
These areas are most often on the back of (he head Just as in human leprosy the epi 
thelium IS unaffected the conum however bemg filled with cells packed with acid fast 
bacilli, exactly similar to the picture in human leprosv Ulceration of these subcu 
taneous nodules is common In the glandular type the glands are enlarged and the 
lymph sinuses packed with the causabve baalli 

The disease is due to if leprae tnunun Morphologically it 1 indistinguishable 
from M leprae and the lesions produced bear a close resemblance to those of the 
nodular type of human leprosy H stological sections of the skin nodules show the 
same granulomatous infiltration in the conum and large tat lepra cells (histiocytes 
according to Oliver) packtd with bacilli 

The disease can be transmitted to rats of the same specie and infection takes place 
as readily through skin abrasions as by subcutaneous inoculation It is believed that 
the natural infection is acquired through the skin possibly from bites Mechanical 
transmission by rat fleas is possible but no cycle of development has been demonstrated 
in any insect The disease is not hereditary 

Attempts at cultivation of the organism have shown results similar to those obtained 
with il leprae 2 hnsser and Carey observed intracellular multiplication of the U 
Up at iHunum m tissue cultures of growing cat spleen Aside from this observation 
however the results reported are open to the sane objections as these ebUmed la 
human leprosy 

Sousa Araujo ( 941) has studied anew the relationship between the organ im of rat 
leprosy (M etefanski aod M leprae) and has concluded that while the orgamsmi are 
s m lar morphologically and that the pathogeny of both diseases is identics! further 
accurate studies ace nece sary to explain their dis sin Unties 

In spite of the simiUnty of human to rat leprosy most authorities 
believe that the diseases are distinct and that the organisms belong to 
separate species There does not seem to be any connection between the 
disease in rat and in man as 1$ the case with human and rat plague 
The prevalence of rat leprosy in vanous parts of the world v anes greatly 
In Odessa 4 to 5 per cent of the rats were found infected and m Pans about 
5 per cent while in San Francisco only one fifth of i per cent 

All efforts to transmit human leprosy artificially to vanous species of 
rats although they have been numerous have uniformly failed Soule 
(193s) believing that a closer relationship might enst under natural 
conditions made an exhaustive study of wild tats captured m the Cubon 
leper colon) 

On this island one might think there was perhaps an ideal eavironment for the 
natural transmission of the human disease to rats since for over 25 years there has been 
ample opportunity for the rodents to come into intimate contact with cont rainatcd 
material on account of the impossibibty of immediately disposing of Urge amounts of 
infected human tissue from surg cal dressing cluucs and the operating rooms and else 
where Nev rtheless not a single instance of rat infection was delected 

Muii Henderson and Landeman s ggest that the reUtionsh p of human to rat 
Itp osy IS analogous to that of the buma and avian tubercle bacillus 

Infection through Contact. -Long and dose association with a leper is 
usually the history of the affected person In countnes where leptos} 
prevails It IS not uncommon to find several lepers in one family and some 
times cases develop one after the other 

Denny in the statistical analysis of 10400 cases in the PbiUppin IsUnds found 
that *9 per cent gave a definite history of iwevious contact with at least one leper 
relative and McCoy in llawiu and Gregory in Cape C lony found 37 pet cent gave 
such a history although the compulsory segregatioo bws made the patients loath to 
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'{'bus Kudolph found the leprosy baoUcu m the intestiors of s tick which had sucktd 
blood fiem a patient suffering from aodubr leprosy for as long a period as 13 days 
Lult (1936) still believes that the mosqnito u Che transrmttmgagent in leprosy \sl 
verde however has pointed out that there it* raarked lack of ciperrmentaisappo/Ua 
the evidence presented by Lut* The case reported by Jeanselme in ivhich the indi 
vidual had beeia born and bved all hia We in Paris probably excludes the mosquito is 
being the only means of infection t*bouf found leptoiy bacilli m the stomachs of 
flies which had been feeding on leprotic ulceratioiu and did not find acid fast tods w 
flies which had fed on persona with nerve leprosy or upon those not shawiiig open 
lesions He thinks that (ties may deposit faeces containing bacilli about the nasal 
onficM or upon wounds of well persons bnngifigaboullhciebylheinnftction La® 
born has shown that the Muscid 8y Jfureo i^rbens may take up from an infected 
medium and later deposit i/ fi^ae up to hours \fter regurgitation has taken 
place from an infected meal and the vocmt. drop has been withdran n the leprosy bacilli 
ntiy be laid down on whatever food matenat (as an exudate over abrasions of theikw 
to which the insect may happen to apply its proboscis shortly afterwards Jfarcbous 
has shown that in the case of fat leprosy (lies can only Iraasmit the disease mechanically 
In fact in relaLion to the ttansmisston of leprosy by insects it may be said that the 
evidence IS not convincing though >n some instances it seems possible that transmission 
of the bacilli might rarely be aaoroplished by some of these insects 

There is a firm coa\ ictioo in the minds of manj obscrv ers that lepros) 
IS spread b> je-CKsf titfercciirrc In Nigeria Madagascar, and China manj 
of the nati\es firmly believe in leprosy betag contracted in this manner 
and Jepros)' baciJh hat e been found in fhe semen and in lesrons ol the p*fn* 

and vulva m lepers Ob\iousl> however this is not the oni) method ol 

spread since the disease is often observed m >oung children 

In the Hawaii leper eolony jt was found that of 9S healthy residents who lived 
di5eas£d wives only j developed the ebreoie and of Sj iraJtby wives who Uved wit 
diseased husbands only 4 developed the disease It » itoetaUy ackaowledged that 
congenital leprosy is very rare but on the other band the children of Jrpfous pirenu 
frequently develop the disease when they tetoaia with thrir parents 

V amnattan —It was formerly claimed in Hawaii that vaecinalioo against smallpo* 
has been a means of the spread of leprosy \kbile this might be a possibibty ii human 
lymph uvfected with leprosy baciUi was employed obviously when bovine jympn ' 
used there coaid oot even be a chance of occasionat mfccdoa 


Thus although the etact method of transmission of the disease is no 
known a number of these possible means of trarismission must be borne 
m mind Obviously Icprosj may be transmitted in more than one way 
and possibly in several ways 

Diet — ^Hutchinson s theory that the disease bore relation to the ewng 
of fish, or of salted or spoiled fish has received no important 
recent years nor has there been recently any important evidence submi c 
which points to infection with leprosy through the alimentary tract 

Dietary deficiency may be a determining factor in susceptibility 
leprosy, but -we have little definite informatioa upon this subject 
ever it is well recognized that the disease is often closely associated wi 
poor diet and that an amchoratioQ of the symptoms o! the disease r 

fluently occurs when the diet » generous and well balanced 

BUit Leprosy —A disease occurring naturally in Europe Asia 
America among rats was first observed by Stefansky m Odessa m tg 3 



lEPKOSY 


817 


The ext«sc to which leprosy occtm m/dw ly groupe BUgsesis a hereditary UmiUel 
lack ol rtsistioce lo some Igcahues the nte o( famlr mfectioo is higher than others 
tJcCoy in JUwiu Gregory in Cape Colooy and the Zeprosy Comiaission in India 
foiiod that the proportion of healthy p«soa$ tiTWg with lepers who betsrat Jftfected is 
4:4s and s s per cent reapectivciy in these ddleteat ccmatnes while in Japan and 
Norway the percentage in bath was about a 7 Even between infected husbands or 
n tve; col VsuaDy over 3 pet cent o! adults contract the disease the single eaccptioQ 
betngialndia where the percentage jepottediafis "nie comparatively s^U number 
of cases accumog in husband and wife may again be aa eaampte of a high degree of 
res stance in the nntofectcd spouse 

Rogers studying 700 uses came to tht condusiaa that about one fifth of these 
lepers got their mfectioa from conpigal or other sunilar close c niact Two fifths bad 
a history of bving in the same bouse One fifth took care of lepers and in the temaiaiog 
fiththerewasaluttoryof close contact u child pbynates There were also occasioaat 
records of wearing a leper s clothes or ba mg a leper we-tnan as w et nurse 

Thus leprosy cannot be regarded as a highly contagious disease It 
has been mamtained that an importiint factor tn the belief that it js at 
least feebly contagious is based on the disappearance of the disease m 
Europe following isolation of the lepers A striking instance is that of 
Europe in the thirteenth and fourteenth centunes where with 20000 
leper asylums (or isolation the disease practically disappeared by the 
fifteenth century In Norway there were 3^i> cases in 1856 while tn 
290? thete were onl\ 438 left •kt the end of 1913 there were only *84 
cases 181 of these being interned and 104 »n their own homes Finally ja 
1937 there were only td cases The reduction was attributed to isolation 
llowever this reduction might have occurred lodependeatly of isolation 
because Hansen inmvestigatingthedescendantsof 160 known Korwegian 
lepers who immigrated to the Northwestern States of \tntnca was unable 
to find a single leper among their descendants 

This and other facts militate also against the views that leprosy may 
be inherited and the idea is generally held that if a child be taken away 
from Its leprous surroundings after birth there is little or no likelihood of its 
developing leprosy The separation of the child from US mother should 
be as soon as possible Rodrigues having shown that if this is delayed for 
fi months it has usually acquired the infection 

Prenatal transmission of leprosy from parent to child can not be 
regarded as a cause for ihe prevalence of leprosy in fanuJies 

CongrMlalUpTosy~\R spite of the (act that leprosy bacilli have some 
times been found m the placenta foetus and roilk of leprous women the 
children of leprous patients art generally bora healthy Zambaco states 
he has seen congenital cases of leprosy and Nak^ayo has reported a single 
case in Japan of a newborn inlatit with typical leprous infiltrations and 
leprosy bacilli However these arc very unusual esceplions and there 
is mudi evidence showing that prenatal transmissioQ of leprosy from 
parent to child is of such me occurrence that it may be regarded as a 
negligible cause ol transmission While children of leprous parents 
develop the disease much oftener than the children of healthy parents 
among the same fiopulation the djildren bom in leprous fanuljes are not 
nearly so likely to develop the disease if removed at once from the leprous 
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acknowledge infected relatives In South Russia Dehio found that 6o per cent of 
the lepers acknowledged contact with other leiwrs while Kereval in the Caucasus found 
89 per cent gave a history of contact 

TVo cases have been reported which espedafly show that those who live in close 
relation to lepers may develop the disease in one a leper returned to Ireland and his 
brother who had never been in a leprosy country but who had occupied the same bed 
svith the leper and worn his clothes developed the disease in about five years A similat 
case IS reported from Germany 

On the other hand, m other instances where contact has apparently 
given the most favorable opportunity for infection between the diseased 
and the healthy as is often the case in leper colonies, the disease is rarely 
contracted 

As regards those living for a long time in attendance on lepers there 
have been only a \ ery few instances of the contraction of leprosy as in the 
case of Father Damien at Molokai and two instances in Sisters of Mercy 
Such cases however are most eTceptional as the hundreds of attendants 
on the unfortunates continue their work for years without showing any 
signs of leprosy 

It IS stated that there has never been an instance of transmission of leprosy to any 
attendant at the Saint Louis Hospital Pam Andersen reported that 17 mdi 
viduals employ ed as attendants at the Patoseco Leprosy Colony in Panama for as long 
as so years in some instances do not m any case show any evidence by clinical or 
laboratory tests of having acquired leprosy Hopkins <1938) also points out that the 
personnel of the national leptosarium at Carville numbers 199 and that there has been 
DO instance el leprosy developing among Ibeoi nor art there any instances in the 
personnel in the former leper home of Louisiana Included in the personnel were Sisters 
of Charity which in tgjS numbered 19 The Sisters have been in attendance upon 
tbe lepers as nurses at this inslituiion during the last 4 1 years 

The belief now generally accepted that leprosy is only feebly contagious 
might be a satisfactory e^lanation for the fact that no cases have devel 
oped in the attendants were it not for the observ ation that in the familial 
relation leprosy may appear sometimes to be more than feebly contagious 
It IS true that precautions are taken at Carv die to safeguard the personnel 
and it may be true that these precautions alone hav e been sufficient for the 
protection of the attendants While some of these attendants may he 
less susceptible to leprosy it does not seem that one would be justified m 
assuming that all of them during 41 years were immune Hopkii^ 
suggests that such resistance to the disease may be due in part to mhented 
immunity 


As showing that in some localities even with intimate contact infection is rare lU 
stated that of 223 healthy Hawaiians Uving in the same houses with lepen only 4^2 
contracted leprosy Even when married to lepers only 9 out of i8i heallby people 
contracted leprosy from their leprous mates 

In Japan 7'”’ of children of lepers contnet the disease 3 S"" of those married t 
lepers and 7% of people living in the same house with lepers Just ss with 
losis in which all evidence points to the predominance of infection in early Ide wd i 
infieqa«i«/ leprosy Among 10 000 lepers in the Cu 10 

lenercolony Denny notes that 35*^ were brothers and sisters 27% were cousins n e 
were children of lepers parenU of lepers and only i*" husband and wife IW 
would indicate that the relationships involving mtunate contact in childhood are 
ologically most important > 



their associates or members of that fanuhes making a second generation 
on Amencan sod He thinks that it is pbtn that in spite of the heavy 
importation of lepers the horthnestcm States ha\e not furnished a {a\or 
able location for the transmission of Uie infection 

Another example illustrating the non infectivity in most parts of the 
United States is found in the eipenencc of Nei'. \orL City tVith a 
single doubtful exception McCoy vias unable to find any record even 
suggesting that anyone has e\er been infected xnth leprosy m New 'iork 
City although over a period of a few decades it js known that hundreds of 
lepers have lived there for varying periods of time He points out that 
this geographic distribution of lafcctivjty is one of the most interesting 
features in connection with the epidemiology of leprosy 

Flandin has recently conducted a careful st»id\ of the origin and mode 
ol contagion of 95 lepers in Paris He found that only 6 had contracted 
their disease in France He concluded that under ordinary social condi 
tionsin France thedanger of contracting leprosy is too slight to necessitate 
segregation 

However m other localities as for example m the Philippines Radn 
guea (19^8) has shown that where the poor have to live in houses with one 
room without facilities for isolating and caring for a contagious patient 
the spread of the disease by contact is common m the home Statistics 
show that in about one h&U of the cases m Cebu the disease is acquired 
within the home In Cairo the proportion of hone infections vanes m 
different regions from 3% to 75 per cent of the total cases 

It IS not clear to wbat extent climate may influence the disease since 
It extends to all climates and all latitudes 

Rogers has stressed the importance of excessive humidity as favonng 
the spread of leprosy in the tropics The only tropical areas with little 
or no leprosy are the very dry ones with rainfall under 10 inches Again 
humidity keeps the skia fcoihed in perspiratioji which favors mould and 
bacterial infections — the skin in these coiuSitions perhaps soroetitnes 
offering less resistance to the entrance and growth of leprosy baciUi 

Klsurcll (19^7) does not tttnbale any impottaot mSuence to the cbaxtic caiiKi 
in China lie points out that J^osy » »* y prevalent 10 the low ijing delU of ihe 
West River in Canton Ttovin e ribjcb lies within the Xropics and is hot and steamy 10 
Che summer However the disease » cpi it as ptt alent in the uplands oE tlnan where 
much of l!)« counlry » at a ievrl of anw feet above the set and nhere tbeclinraie 11 
salubrious In the high mountaiDS of the Tbeuti bo der it vs also very prevalent 
He has seen many cases at altnudea of er sooo fe t In one such region Che e is a 
valley in the high mounCaiRS among the perpetual snoi s which is koova as the 
leper vatl y Howe <r such sUidies do «oi Kvea 1 10 n hat c! mate the d setse 11 
most likely to ori{ n t Leprosy » also {luevalent an eastern Tibet Mairwell hat 
lound that it prevails in almost every van ty of cl mat Id pails ot the Province of 
Shantung which are the most heav >y infected reg na in Ch ns the cbmxte is hot and 
tiff Icrsmch ol and Jad » myawidy 

PaTHOiLOCY 

General Pathology — In disOMsing the pathological changes it may be 
recalled that leprosy is essentially a chronic disease in whicEi the baciUi 
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surroundings and it seems evident that there is not the same tendency 
for the children to contract the disease from their parents or from other 
lepers if they are separated from them shortly after birth The Hawaiian 
statistics show that some 15 per cent of the children of leper parentage 
develop leprosy when they remain with their parents 

Race, Age and Sex — \Vhether race predisposes m itself to the disease 
seems doubtful However leprosy occure more frequently in Orientals 
Polynesians and Africans of the poorer classes The conditions under 
which these people live undoubt^ly expose them more frequently to 
infection since uncleanliness overcrowding and generally poor conditions 
of life and diet favor the transmission of leprosy 

The disease originates particularly in youth and early adult life 
children being much more susceptible than adults However cases are 
rare m very young children and the disease is also uncommon after 70 
years of age the majority of cases occurring between the tenth and thirty 
fifth year 

McCoy tabulated the ages of 1,058 lepers at the time of admission to 
the Molokai Settlement in Hatvau and found its peak to he in the 16 to 
30 year period Doull Rodriguez and their associates found in a rural 
area in the Philippines that m more than half of the patients the lesions 
were noted before the age of 15 Maxwell in China, found nearly two 
thirds of the cases occurred from xo to 30 years 

Sev — The number of males attacked with leprosy in diflerent parts 
of the world is generally more than double that of the females Appar 
ently there is no conclusiv e evidence of why this is so Hopkins maintains 
this IS due to the fact that females are actually less susceptible than males 
DouU (1938) points out that in childhood there is apparently no difference 
tn incidence as between the sexes and that among the children born at the 
Culion Leper Colony in the Philippine Islands the proportion of females 
developing leprosy is about equal to that of the male Rogers and Muir 
suggested female lepers may die at an earlier age on the assumption 
that the female is less resistant to the progress of the disease Studies 
made in the Phihppineshavenotsubstantiated this view Maxwell (1937) 
found in China 95 of his patients had leprous fathers and only 4S had 
leprous mothers 

Climate — McCoy (1938) points out that in the United States exclud 
mg imported cases leprosy appears to be infective to an appreciable 
extent only in localities in states bordenng extensively on the Gulf of 
Mexico Cases originating elsewhere ate rare Nearly all of the cases 
(excluding those that are imported) acquire the infection in Florida 
Louisiana or Texas and apparently mamly m certain parts of these 
states It IS exceedingly rare for persons to acquire the disease m any 
other part of the country He pomts to our experience in certain of the 
Northwestern States About 200 Scandinavian lepers either m the 
incubation stage or with developed symptoms came to the United States 
settling chiefly m Minnesota and adjacent states in the latter half of the 
igth century These 200 cases gave rise to less than a dozen cases among 



ui dehaemog!ob>mzed scntrtis Uood » 8431 per cent of cutaneous and 
»ijet 5 cases ol ieprosy baciils Oo the other hand in nerve leprosy 
examinatjon of the bJood is geneiaUy of JitUe \ alue and the ieprosy bacj'h 
are rarely present 

''eclrans of the nodules of leprosy when stained nith caTbolfucbsin 
and exatnined under a low power of U»e microscope fcequeatly show 
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de\ elop rather slow ly Not until the organism is present in large numbers 
do the local effects produced bj the bacilli become visible Later when 
the local lesions may be CTtensiae and marked changes in the tissues 
present general tone phenomena are often scarcely apparent Alsothere 
are no secondary lesions in the kidneys or other organs with the exception 
of the nen es m some cases that suggest the formation of a circulator) 
toTin and while there is no eaidence of immunity being produced b) the 
leprosy bacillus there also ma> be little impairment of the general health 
It therefore seems clear that the toxins produced by the leprosy bacilli 
are very mdd and are formed slowly and that it is particularly the actual 
presence of the bacillus that gi\es rise to the specific lesions of the disease 
The ulcerations and necrosis that frequently occur are apparently second 
ary to the activity of the bacilli themselves 

The leprosy bacillus develops more commonly in the skin of the face 
and of the extremities and in the nasal mucous membranes, but it may 
affect almost any portions of the body with the exception 0/ the muscles, 
bones cartilages and intestinal tract It is very abundant in fluid 
expressed from the nodular leprous lesions and m the ulcerations of the 
skin and is often found m the sputum as well as in the nasal mucus 
In the anaesthetic areas of the skm it is usually not found but in such cases 
the bacilli are frequently observed m the nerves which supply these areas 
lying sometimes both between the fibers and within the nerve cells The 
bacillus IS also found particularly in the enlarged lymphatic glands and 
m the testicles In the internal organs it is particularly prevalent m the 
liver and spleen see Fig 191 

There has been some difference of opinion expressed about the occur 
rence of leprosy bacilli in the circulating blood but from personal experi 
cnee the writer feels as do others that the orgamsms may occasionaU)' 
occur in the circulating blood particularly during the attacks of leprous 
fever The bacilli are often present in fairly large numbers in the endo 
thelial cells which line the blood vessels and they occasionally invade 
the fibroblasts which are next to these cells apparently through direct 
extension There is no reason to think that the bacilli may not some 
times also extend through the endothelial cell wall into the lumen of the 
blood vessel 

It has been suggested that reference to leprosy as a bactenaemia is at least gen 
erally erroneous In support of this view Soule (1934) at the Cuhon leprosarium 
cultured over 500 specimens of blood with negative results and stained preparations 
of over 1000 specimens of blood all of which were negative for acid fast bacilli Since 
if leprae is almost invariably present in cases ot the disease even m the apparently 
healthy stin their presence in a blood preparation aught be accovnted for by obtaining 
the blood through the skin Obviously the ^ure to cultivate leprosy bacilli from the 
blood has no significance on account of the very great difficulty of obtaining a gros^th 
from any of the lesions Also all of the cases in which the blood was examined by 
Soule were under treatment with lodio esters of Hydntcarpus viifhhana 

However after debaemoglobmization a great many reliable invest! 
fffltors have demonstrated leprosy bacilli in the blood Radna (193^) 
Reported positive bactenological results in the examination of the sediment 
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among the connective tissue fibres which gradually develop It is thought 
that an axonal degeneration involves the cells of the antenot horns so that 
this as well as the peripheral neuritis i a factor in the muscular atrophies 
which are /eatures of the disease The sensory fibres are deslrojed 
before the motor ones 

LevitpcS m Other Tissues ~l;e(>rinis ehanges ate eoionion in the aotenor part cf 
the eye as the onjupctivv conies sail uu but rare ui the posterior ejebati The 
tirst ebangts to be noted inav be lotlamnatory reactiofls of the set ra and cornea char 
actenred only by redness Later in&ttratioa occuis sod the cornea may gradually 
become opaque Eventually ibe anterior aspect of th eyeball easy appear as an 
undiScreoUated inasi of gcaoutoraatous tissue sod total bbndnees result 



cgt — Sect not pi en how X Icp cits nd lep ba lb X Soo (0r p 
<B oofowMii o T pcl & seas > 

The mucosa t tonyue iaiynx aod pha ynx is often nv Ned The cartitagenops 
septum ol the nose is frequently pe f rated and p rl ally deitroied through preiiuce 
of the granuloffialou t mw Tbe t t a and ovare may show marked eonnectsNt 
t ssue uuKase and in adv need rases Yt converted into a f brouv mass the fbrous 
tissue retclwo being mor (ncense Uian m the skin La ge numbers of leprosy baall 
are usually present Neat to ibe aim tbe muC us tnemb anea atuS nerves the lym 
phitic gUods ate most I equ oily affected The nodes bnome moderately enlaiged 
but do not tend to l>r »k do Uoculsu fact there is usuatty a yell «ish discolor* 
Cion BaobareafienfounduiilieinnitbonldifDcultyandthe emaybeaccumulatiopa 
of lepra cells 

T^e bvtr and spleen are oftep enbrstd L*»ons are often present m the Ijvet and 
splceawhtchacebarely visibletotbeoakedeye Thelcai ns abicb may berecogaued 
consist of minute pin point area* appearing soraeahat Ukc dust particles apruikltd 
on thecutsudact Amyl d changes frequently occu m the late stages of the d sease 
llistolojiciUy the mil ary les onscoQststofcehulaeuihltratiQns with focal accumulat ona 
oflepratrlls LymphvcylesxrcprtMDtiBSmaff uuoiben mith fibroblastic proliferation 
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mentation la p-resenl Beneath the qndemus of the conum areas of lymphocytes and 
monocytes with slight fibroblastic prohferatton may be present The accnniablioBs 
of monocytes are characteristically penvtscular The cellular reaction w usuiUy 
present about the hair follicles and sweat glands and intense enough to havemterfeied 
with their function Lepra cells are not present ui these lesions and baciih arediScuIt 
to demonstrate These lesions may later undergo Jeprotnatous changes at which tiiae 
the lepra cells make their appearance 

In tuberculoid leprosy a more lotense cellular reaction occurs the epidmcu u 
thinned and the interpapiUary pegs often obliterated Focal accumulations o! leuco 
cytes beginning close to the epidermis occur Cellular reactions are present uoani 
the capiiknes in the central areas ^ithefoid celts may be present with a^ffuse lympho 
cytic infiltration and IheappearanceoffibrobbsticproLferatJoa Giant celb resembling 
those of the Langhans type nay be present but are by do means constant Leprosy 
baoih are frequently diQicult to demobstnce and often are cot found until the Inion 
assumes the nadular t>^ 

The most characteristjc lesion in leprosy ss the granulomatous noduie 
or leproma avhich is formed in response to the presence of the Jeprosj 
bacilli Incision of such a nodule often shons a smooth glistening surface 
of a jellowish to slate gray color In whatever way introduced the 
leprosy bacilHi tend to invade and multiply in the lymphatics of the conum 
and subcutaneous tissue In response to trntation large monocytic 
cells appear and phagocytize the bacilli m large numbers so that evenlu 
ally the outline of the cell as brought out in acid fast staining is that of a 
mass of red bacilli These red staining bodies are called lepra cells 
With the accumulation of these lepra cells the epidermis is pushed outward 
mto a nodular protrusion the epidermis becoming markedly thia and the 
papillae obliterated 

Endotheljal ceils also phagocy lose the bacilli and these bacilli together 
with the free lying masses of bacilli in the lymphatic sinuses constitute 
so called glohi when seen m transverse section The toxicity of the 
lepra baciilus is evidently only sbght Very large giant cells of the 
Langhans tyiie may be produced This slight toxicity probably explains 
the absence of caseation in leprosy The capillary walls are invaded and 
often their lununa occluded The arteries of the leptoma as the gran 
ulomatous mass is termed undergo an arteritis with thickening of therr 
walls , 

The leproma of the skin consist of a mass of cells of varying sues ana 
types in a connective tissue framework Infiltrations are chiefly about 
the hair follicles, sweat and sebaceous glands and arteries The epidermis 
is separated from the leproma by a connective tissue layer and is unin 
volved except for a thintung out of the layer and obliteration of the inter 
papillary epithelial pegs 

In nerve leprosy the affected nerves ate swollen and reddisn ^ay » 
color Cellular proliferations m the region of the blood vessels and later 
m the penneunum and finally the endoneurium cause pressure on the 
axis cylinder with consequent degeneration Lepra cells are not com 
jnonly seen an these lesions and baciUi are not usually demonstrated 
However they are found frequently enough to associate the nerve lesion 
with the bacterial invasion lu the long standing lesions fat cells appeal 
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la some instances the incubation pcnod oaay extend over many years 
HaHopeau recorded a case where the disea t did not develop sufficiently 
to be recognized for s, years after the patient left the infected 
district Other cases of long aiwf lodefinite periods of incubation have 
been reported 

Th< c<irl\ tnantfeiiahom are vague and mdefinue consisting chiefly of 
nuJaise, iveanaess and nwatsl deprcssKW 

As might be expected in a disease of so tong an incubation period the 
onset of definite symptoms \ancs considerably Usually the onset is 
slow and insidious The papent may first notice a patch of sfcin ift which 
some slight change m color or some thiciening appears or the attention 
may be first drav<n to tack of sensation Anaesthesia, is a most important 
svTQptom If the bands are first affected the loss of heat or cold sensation 
may be first noticed the patient unwittingly burning or blistering the skin 
wh th has touched some hot vcs<el or other substance In other instances 
the attack may begin with neuralgic pains foltewed later by anaesthesia of 
the kin The occurrence of these anaesthetic patches of skin sometimes 
with thiclenicg of the nerve m the vicinity early m the disease isofteoof 
great value m connection w ith the diagnosis In some cases contracture 
or atrophy 0/ some of the muscles of the hand or feet may be the first 
noticeable aymplom tfl other cases the definite onset of sy mptoios may 
be more acute with more or less severe fever and the appcarince of 
nodules m the skin These nodules nuy be single or oa' v ary in number 
toadoeenoi more Sometimes with the fever and before the appearance 
of definite nodules an erythematous condition of the skin usuaUy bilateral 
and symmetrical occurs The color of this eruption may be piftk to 
port « me m color occasionally « is fawn colored and then more charatttr 
istK The patches at first are evanescent Lat t they return with the 
lever and there may be successive attacks of these symptoms Grad 
ualjy boiveier the siw becewwj Ib/cimed ta J.be e/yiberoatotfj paichfs 
indicating a deposit of leprosy bacilli In other cases the nenous symp- 
toms and areas of anaesthesia may show themselves in some of the sites 
of the foiniec crytbemateous areas StiH in other cases the onset may be 
more subacute in character with fever and severe pains especuUy m the 
hmbs the condition developing mto a neuritis in which the patient is 
sometimes unable to move the limbs especially on account of the pain 
In wine cases the formation of crusts to the aosc and nasal obstruction 
may be the first noticeable symptoms 

‘Special symptoms that are ^len noted are (o) irregular accessions of 
feve (leprotic fever) attended with rather profuse sweating so that the 
onset may be mistaken for a malanal tufectwn (6) progressive weakness 
the patient being easily fatigued with a tendency to somtioltnce (c) 
alternating attacks of dry ness afld hypersecretion of the nasal mucous 
membrane ^vith frequent attacks of epwtaxis and (<f) various neuralgic 
manifestations or paresthesias as weB as headache These prodromal 
manifestations usually precede hut may accompany the outbreak of the 
spots 
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Leprosy bacilli are ordinanlj present in large numbers Miliarj 
lesions have also been observed in the lungs and in some instances the 
writer has found it impossible to distinguish such lesions from miliary 
tubercles Black (1938) in a study of 75 necropsies, believes that when 
ever the gross pathology of the lung had been associated with acid fast 
bacilli and the organisms found were subjected to cultural and animal 
CTpenmentation with one exception they had proved to be tubercle 
bacilli 

Nephritis is common in leprosy and the bacilli are sometimes present 
in the kidney parenchyma and occasionally lepra cells are present How 
ever leproma are not produced 

It IS presumed that the chief mode of spread of the bacilli from one 
organ to another is through the blood and lymph Since the lymph 
nodes harbor the bacilli often in large numbers there seems to be little 
doubt that spread through the lymphatics may take place On the other 
hand, bacilli are often detect^ m the blood stream and this taken 
together with the early perivascular lesions also points to the blood 
stream as a channel for the spread of the infection 

SVUPIOMATOLOCV 

Incubation Penod —The incubation period of leprosy has been 
variously stated to vary from about 1 year or less to 10 years or more 
In a few instances the incubation period has been given as a few weeks 
McCoy suggests that the average incubation penod may be about 2 
years In cases which have shown the longer periods of incubation 
the disease may have existed in latent form for some time or slight symp 
toms may have been overlooked as might very well occur in the anaes 
thetic form of leprosy 

Rogers has especially studied the lenglh of the incubation period and concludes that 
it depends >ery largely on the mode and length of exposure to infection or on the dose 
of the virus and the frequency of its repetition lie states that under certain conditions 
of direct inoculation the incubation period may be as short as 6 months With close 
contact such as sleeping in the same bed as a leper the average penod is 20 months 
\\ ith less intimate contact such as would arise among those dwelling in the same house 
it has proved to be a little under 3 years Lastly where the contact is les close still 
mere association as for example where children are allowed to play with iniecte 
children s years may be regarded as an average 

The great susceptibility of children to leprosy is well recognized 
Goodhue and Hasseltine (1934) have reported the development of leprosy 
in a child of leprous parents at the age of 19 months This child had been 
removed from leper surroundings within 6 hours of birth and had not 
since been in contact with lepers hence the incubation period of *9 months 
seems definite Henry (1924) has also reported a case in a chdd aged 
3 years who had been separated from his leper parents months alter 
birth The first sign was a red patch on one thigh which later enlarge 
and showed anaesthesia The exposure of infection was therefore on j 
2 months and the incubation penod 3 years 
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oervous typ« However tbu prc^>ortioa vanes considerably m difTerent 
countnes At one time a ciasaificatioa of the *39 lepers at San Laaaro 
Hospital ^fanila P I showed ay cases of nodular 4a of nerte and 93 
oi imstd leprosy with a cases of doobtfoi nature The nodular disease 
IS usually more readily rtcognited than th« anesthetic neural type 

h<^viAS tEJ*aoss 

A Typical Case — After tnore or less indefinite and uncbaractenstic 
prodromata the definite onset is by an outbreak of brownish red spots or 


macules which Uter bccotne {ngmeoted and thickened Sometimes only 
one macule may be present at first The spots are at first erythematous 
and tend to come out in crops attended with attacks of irregular fever 
They soon have the appearance of linated areas of sunburn They 
vatv in size from i or 1 milhmeicTs to a patch the size of the palm of the 
hand The macules develop in sue by penphcril extension They are 
raised and have a preference for aKieanng on the lobes of the ears the 
nasal alae the forehead eyebrows d«ks and chin The extensor sur 
faces of the forearms thighs and butlo^ are also favonte sites for the 
indurated spots The palms el the bands, so-les of the feet hairy 
scalp groin and atiUaty regions are almost never attacked These 
spots may be hyperaesthelic at first but soon show loss of pain and 
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It IS the prominence of the nasal manifestations that caused Sticker to insist that 
the primary lesion of leprosj is of the nasal mucosa Kedrowsky (193s) is inclined to 
accept this view but beheves the lepra bacilli can penetrate through the mucous tissues 
without causing any demonstrable pathological changes or primary lesion The general 
view however is that Sticker s telief u without sufficient foundation to definitely 
establish it 

Some have recently suggested that the disease first manifests itself in the lymphatic 
glands punctures of such structures showing bacilli rather frequently although in less 
proportion than upon eramination of the nasal mucosa In fact surveys made in 
Hawaii and in Brazil showed the nasal mucosa invaded in at least 8a per cent 

In Cuhon careful studies have been made of 300 children living with iheit leper 
parents as to the earliest signs of the appearance of leprosy and in not a single case 
has a primary lesion of the nasal mucosa been noted Of *4 cases contracting the 
disease which first appeared in skin areas only 13 showed nasal lesions Muu' m 
studying the first appearance of lesions of the skin in 1056 lepers m India found the 
early lesion to be present on those skin surfaces which would naturally come in contact 
with the bed while sleeping These were cheeks outer surfaces of extremities and 
buttocks The fiezor surfaces the neck and the middle of the body were nearly 
exempt from primary lesions Rodriguez at Cuhon in 4S cases ha* found m about S 
out of 6 the ^st signs of leprosy to be single spots but m the remaining one sixth the 
disease may start as a generaiued rash The primary lesion was on the buttocks lo 
s88percent on the cheeks in ii 8 per cent on the legs in 15 3 per cent on ihearmsin 
10 a per cent but never on the chest and abdomen Anderson and bis associates 
(1936) in Brazil found the earliest lesions observed upon the lower extremiue* to one 
half of the cases 

As to characteristics of early lesions forman studying *51 cases gives thefollowmg 
percentages pigmented anaesthetic patches 74 6 erythematous red patches n 9 
erythematous anaesthetic patches a depigmented non anaesthetic patches 95 
paralysis in s and ulcers in i s 

Labernadie has pointed out that m the early macular stages percussion of the long 
bones may be painful and that loss of the outer third of the eyebrows occurs Irrits 
bility and enlargement of the ulnar nerve is common and he found that neural invoiv 
ment was next most frequent m the subcutaneous branches of the cervical nerves 


Phases and Stages of Leprosy — Muir recognizes 3 phases m the 
development of leprosy (i) a phase of quiescence m which the bacilli 
multiply but without general symptoms (2) the phase associated wit 
inflammatory local lesions and general toxic symptoms and (3) a phase 
of subsidence of the reactions of phase 2 

He also recogmzes 3 stages in the progress of a case (i) with few bacil 1 
limited lesions and no palpable skin thickening ( ) with enormous 
multiplication of bacilli and rapid spread of skin lesions all over the bo } 
and (3) subsidence of the lesions of the second stage, with a tendency 0 
granular degeneration of the baalli There is often regression ^ 
lesions in individuals who appear resistant not infrequently 
rapid resolution and may disappear Leprosy is most amenable 0 
treatment in the first stage next m the third stage while in the secon 


stage treatment may aggravate the disease 

It IS usually reported that in northern climates nodular leprosy 10 
about 70 per cent of cases while m the tropics the larger P^°P 
made up of nerve leprosy Muir with a wide experience m India 
found that approximately two thuds of the cases of leprosy in coo 
climates are of the nodular type and two thirds in hot climates are 0 
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Tbe eye » involved wilti great freqaencv in this form of leprosy 
infiltrations of the eyelids conyunotivae cornea and ms occurring vitb 
subsequent ulcerations and loss of sight 

The nodule on the fact backs of the hands buttocks etc may 
disappear by resolution but the tendency is for them to ulcerate and 
produce various contractures and deforniities VV hen an ulcer is formed 
it seldom heals before the nhde of the lepromatoua li at has been shed 
The patient as a result of this often become much disfigured The 
mucous membranes of the nose and mouth are also Ukd) to become the 
scat of infiltration which later necroses and leaves chrome ulceration 
Frequently erlcnsive scars fono particularly where the ulcers have heen 
about the mouth and the toouth as a result may becotne so contracted 
that feeding may be difficult Many of these cases die from simple 
ethaustion la a number great pam is suffered m eating and swalloning 
owing to the ulcers of the bps tongue and throat As a result of disease 
of the Jarynt and throat the voice often becomes croakv and sometimes 
reduced to a whisper a very tharacietistic feature The patients als) 
often suffer with painful dyspnoea The bones are sometimes involved 
There may be a specific pertosUUs with or nitbour etostosis formation 
Necrosis may also occur 

The glands m th-* region of the lesions become enlarged but do not 
tend to suppurate \ i -•etal involvements are not common but miliary 
lesions of the liver and spleen have been r^rted A much disputed 
qiiestioQ IS that of leprotic involvement of the lungs It tsprobablv rare 
but don occur and in the instanies of finding acid fast organisms in the 
sptttuKv of a leper one should perform mooulatiotis of guiOM. pigs to 
determine if the tubetcl* bacillus is present 

The course of the dw^'ase is essentially cbrooic and if some intercurreat 
affection does not tarry off the patient ifw end comes usually from a 
cachectic condition after a number of years the tempeiature gradually 
falling and a state of somitolettcc ushenng in the end 

When nerve leprosy develops m a case of thenodiilar type the progress 
of the nodular lesions is saroetimes interrupted and the course of the 
disease apparently prolonged 

Nerve Leprosy 

A Typical Case — The prodromal mamfestauous arc characterized 
by the results of irritation of the grannioinatous tissue upon the nerve 
fibers and are cbiefiv neuralgic poms or signs of sensory disturbances as 
fotnucation paraesthesia etc In particular are the ulnar anterior 
tibial peroneal and facial nerves attacked the process v ery rarely extend 
iBg above the knee or elbow Mote rardy the median radial brachia! 
great auricular and cervical nmes are jnvdved Especially when the 
nerve passes over a bone and lies close under the skin can the Ihiekemng 
he felt 

Anaesthesia of ihe region supplied by the ulnar nerve with contractures 
of the fourth and fifth fingers may be signs directing our attention to the 
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temperature sense ^ith retention of touch sensation (dissociation of 
sensation) The spots do not sneat thej remain dry even in a genera! 
perspiration 

The areas of infiltration may increase in size or undergo superficial 
erosion which maj after healing leave pigmented scars In other 
instances they may gradually disappear Later in the disease sometimes 
following successue febrile accessions a reappearance of either macules 
or so called leprous nodules appear which mark, another stage of the 
disease These arc reddish brown and when first seen are often about 
the size of a pea, but thej gradually enlarge often to the size of a pigeon s 
egg, and sometimes larger The) 
usually appear as tense shinj masses 
reddish brown jn color, and may remain 
single or several coalesce With each 
fresh group fever usually appears 
Sometimes the nodules are superficial 
and sometimes they seem to protrude 
from the skin surface At other times 
they be deeper and can be felt under the 
skm but not seen Infiltrations then 
occur m the deeper layers of the skin 
and subcutaneous tissue On palpation 
of the skm, it feels definitely thickened 
In other cases the nodules may he so 
deep that the skm can be rather freely 
moved over them and in these situations 
they sometimes become enlarged to the 
sue of a pigeon 5 egg When the more 
superficial nodules are grasped between 
the fingers they are often found elastic 
to the touch As the result of active sebaceous secretion they may 
have a greasy appearance 

As the disease progresses the nose becomes thickened and particularly 
the skm about the face and cheeks The thickened indurated skin 
frequently assumes a swollen glossy appearance the natural lines and 
folds being exaggerated giving the face a leonine appearance hence the 
name leontiasis or that of a satyr hence saty nasis W ith the dev elop 
ment of the nodules a striking feature is that the hair falls out of the 
affected areas Astheface particularly the superciliary region jsproneto 
leprous eruptions depilation of the eyebrows is often an early and very 
characteristic phenomenon The beard too is apt to be patchy On 
the other hand, the scalp is never or very rarely, affected with leprous 
eruptions or alopecia 

Nodules may develop in the mucous membranes of the nose mouth 
and larynx giving rise to foetid discharges or epistaxis and obstruction 
of the nares difficulty in mastication as well as in breathmg and a 
raucous voice 
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manifestations of nerve leprosj Tlie nails are not generally lost but they 
maj become rough or atrophied into hook like appendages 

It IS at this stage of the disease that the nerve trunks begin to enlarge 
especiall> the ulnar at the elbow and the great auricular as it crosses the 



sternomastoid muscle The characteristic nerve enlargement is spindle 
shaped or beaded Sometimes they are hard and cord like on palpation 
These nerve enlargements are at first tender but later become painless 
and there develop areas of anaesthesia and trophic changes of the skm and 
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true nature of the disease and jn those cases where the appearance of 
smooth jellowish brown spots precedes the ncunlic mamfestations \^e 
may here also find anaesthesia provided the eruption has lasted for some 
time 

In brief the fullv developed case of nerve leprosj shows anaesthetic 
spots trophic lesions of the sCin and bone together with muscular Pauli'S 
The spots often appear stnglj and maj varv from i to to cm or more 
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in diameter Thev are not raised, have a sunburnt color, and do not 
sweat Instead of having a preference for the exposed parts they most 
frequently appear on the covered portions of the bodv or limbs as irunki 
buttocks scapular region thighs or arms although the first appearance 
of spots may be on the face 

These spots often resemble lesions of ringworm as tbe> have an 
erythematous border with a pale center but they are often oval m outline 
rather than round, and there is no scaling In due time the skin of 
anaestheticpatchestendstoatrophy Josinglbchajrsandglands Eventu 
ally Jt may become so thin and that it cracks m many places Bullous 
eruptions which are most frequently noted about the knuckles ate rare 
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iMdue ta & coapbcacug disease cuch u tabocnlosu Kitfa. the exception of the fever 
there niiy be m many cases of leprosy but I tile evideoce of the general effect of the 
tosioof the leprosy bacillus The ncuntasixi other sene- sytnpcotss may be due to 
the effect of a circulating toan since there axe often comparatively few bacilli m (he 
otrves and these are generally found in the nerve sheaths but on the other hand id 
D duiar leprosy nbcre there are usually lanch larger numbers of leprosy bacilli the 
nerves art often unaffected 
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SkuwThe raised tesions of nodular teprosy tend to cone out in nuRibera n the 
lobes of the ears over the eyebrows and nthecheeks esneli as the backs of the hands 
and foreacns and «a the buttocks and feet The soles of the ie t and paints i th 
hands alioost never show lepromsta In nr e leprosy the maculae are often single 
and flat and often appear on parts of the body covered by the cloth ng as the trunk 
lb ghs or arms The spots of leprosy are acsesthetK often shoaiog d ssoctsuon of 
sensation The indurated inacules of nodular lep osy iheci are succeedeJ by tuber 
cul id growths A striking feature of all iepr ma eruptions is that the hair falls out 
of the areas occupied by them In the so-called tub cutoid lesi ns the leprosy bacilli 
are present >a the earlier stag s aftd may later disappear A number of observers 
including Fernandes and daRosa (>oso) bebeve the tubercul d ! pr us reactioo with 
mtea« tissue reaction is an all rgic pbenoincna 

Mucous Membranes — rmkerton {1938] wh has bad y years of experience m the 
itudy and irtalment of thepathologicaieor^ « on* of the nose throat and larynx due to 
«pr sy in Honoluiu and VJolokai bel es that careful study ol the mucous meoibrane 
w 11 reveal that praclicalJy every leprous fiatient ha* some n aval lesions due to I prosy 
D I Rio (i;y&) { und Ibe nose affected u 81 per cent In cbitdren epistaxis and nasal 
ousting occur most often as early symptoms la the neural type* the mucous tnero 
brane easy be swollen pale and dry during active progressions Frrquently there is 
frtedoia from pain on manipolalion blctral a t» not common in the primary neural 
typcibutitiscominoRinnodiilarMXsandMthcUtestagesofBcu al types ubich have 
bee me coniphcaltd The nodul s >n the mucosa often undergo ulceration Terfori 
t on of the septum js freciuestly found and an ukeroi the septum isoiten the first place 
k ** *b ch leprosy bacilli art discovered The siRUses do not appear to be affected by 
the disejse and while the rartilaginoos KpttuB t* often invol ed and perforatrd 
Murdock (toji) and I jnknton have never found the nasal bone itself involved There 
11 remxrkahle freed m from symptom* of the dec so in the pharynx until nodules are 
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of the finger and toe nails with the de%elopmcnt of felons glazed sbn or 
buiiae The latter, on rupturing arc often followed b> ulceraticns 
•Absorption of the bones of the phalanages may also occur Ulcers 
frequently form over the exposed portions of the hands and feet ITiey 
ma> penetrate and disorgamae the joints and cause the fingers and toes 
to drop off, one alter the other The phalangeal bones may be com 
pletelj absorbed and a distorted nail cap the end of the metacarpal bone 
(lepra rnidilanr) may result Owing to the anaesthesia, lepers oftenbum 
or injure their fingers and toes Perforating ulcers of the «o!p of the foot 
are more common in leprosy than in tabes 

Muscular palsies atrophies and contractures are more common in the 
face and upper extremity than in the lower estrenuty We may have 
changes quite similar to those of progressive muscular atrophy, the thenar 
and h) pothenar, as w ell as the interossci muscles undergoing atrophy and 
resulting m claw hand, in (hn, condition There js extension of the first 
joint and flexion of the two distal joints of the fingers Such hands may 
function quite well W nst drop is not uncommon, but foot drop is rare 
Rarely the condition known as Charcot s joint may be observed Vieita 
(*939) ^*9 studied the finger prints and found clianges m is per cent of 
the neural and m 9 per cent of the macular neural The changes are first 
found m the little and ring fingers pointing to ulnar disturbances 
Of the facial muscles the orbn-ularis palpebrarum is the most apt to 
show paralysis Muscular atrophy may occur, so that the eyes cannot be 
closed, the upper Iid may droop thtlowerlidbecomeserected and the eye 
ilsell may become iixcd Iloweser the eyes are affected much Iw* 
frequently in nerve leprosy than m the ncdular form 45 per cent as 
against 85-90 per cent for nodular leprosy The most common changes in 
nerve lepiosv are ectropion of the lower hd and subsequent corneal 
ulceration with eventual loss of sight 


SYUPToas IN Detail 


General Symptoms —The general symptoms %arj greatly In soro^ 
cases they may be strikingly few, while m others patients may lose flesh 
and strength rapidly 


T<m?eratwe — The lemperatutewotun very vambte Ssomelimes there are 

nses in letQpwature wubout however the patient being aware ol the fact Muitbo^ 

found a normal temperature continuing throughout the e* hours in a fe» cases « 
leprosy In the majontv v,hich have pasacd the primaiv stages an irregular tem 
perature » observed falling to p6 T or p F m the morning and rising to oo » u 
100 F at night In nodular leprosy the tempetalure curve » apt to b' le« 
than in the nerve form Mote marked fever someUtaes occurs at the onset of the 
and in addition during the course of the disease Very Ireguently thw is a i< n 
reaction which precedes Of a companies a new outbreak of skin le ions This '‘P'° 

fever usually lasts for a few days or a week or so and then the leroperature 
afebnle Atsuchtimes sweatingni»ybepjesentandB«{’?c$t»aWia . 

occit wv the very advanced stages and particularly as a terminal event and this « oi ten 

accomDsmedbvchilUandswealingandloMoffl sh andsometimesbycougU A 

eUge oi the disease it iS often difficult to detemur e nbether the teroj erature mav 
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COMPUCAXrOVS 

The most common complications of leprosy are tuberculosis and 
nephritis Bronchopneumonia and cardiac lesions also occasionally 
occur In a study of 360 autopsies m the Philippine Islands Pineda 
and Lara found the most frequent causes of death to be tuberculosis 
24 per cent nephritis 16 3 per cent bronchopneumonia 9 3 per cent 
dilatation of the heart 7 6 per cent endocarditis $ per cent lobar pneu 
monia 3 per cent, and amoebiasis 3 3 per cent Death was apparently 
due to leprosy itself in only about 3 3 per cent of the cases Thus tuber 
culosis was by far the most prevalent complication it not only having been 
responsible for 34 per cent of the deaths in the autopsied cases but in 
4 per cent of the total deaths at the leper colony dunng the same penod 
Rake who performed 90 autopsies m the Trinidad leper asylum also 
found about 30 per cent of the deaths to be due to tuberculosis and in 
another senes of 78 cases he found nephritis present in 29 per cent of the 
cases At the leper colony in Panama the most frequent cause of death 
was likewise found to be pulmonary tuberculosis m 28 per cent nephntis 
tn 20 per cent and pneumonia in 5 6 per cent Syphilis may also com 
plicate leprosy In such cases of double infection it is not always 
easy to say etcept from the definite history which was the primary 
infection 

Vaccination with smallpox virus not infrequently causes the develop 
tnent of fresh leprous lesions in lepers So much $0 that in earlier years it 
was believed m Hawaii that vacanalion might be a cause of exciting 
leprosy GuiUamou (1939) records reaction and the de\elopment of 
leprotic lesions following vaccination of 400 inmates of a leper institution 
m Africa Vaccination in lepers sometimes runs an abnormal and violent 
course On the other hand it has been asserted that an attack of small 
pox has been followed by a subsidence or even by the temporary dis 
appearance of the manifestations of leprosy McCoy states that the 
same changes are reported to have sometimes follow ed successful vaccina 
tion with cowpox 

Diagnosis 

Climcal Diagnosis — \Vhilc in well advanced cases one who is accus 
tomed to observe leprosy needs little aid in diagnosis as the lesions are 
often strikingly characteristic in early cases of the disease it must be 
recalled that owing to the slow progress of the affection there may be 
slight indications of it for long penods The correct diagnosis of leprosy 
« obviously of much more importance than is the case with most diseases 
since It IS so likely to involve the whole future life of the patient On the 
other hand failure to diagnose a case may permit the exposure of many 
healthy individuals to infection Therefore the greatest care must be 
exercised in diagnosing leprosy 

In arriving at a conclusion tbe following features should be particularly 
kept in mind 
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formed The nodules are found in the early stages at the base of the uvula and eitesd 
into the folds above the tonsils hfore than 20 per cent of the leprous patients have 
demonstrable infiltrated and nodular lesions of the tonsils The nasopharynx fte 
quently shares in the process by extension Neural involvements of the longue are not 
se n but nodules usually in the anterior third o cur late in the disease Leukoplakia 
IS also quite common and the areas are often anaesthetic to tactile stimulus Approxi 
mately 40 per cent of the cases nith moderately advanced nodular lesions show leprous 
lesions in some form in the larynx and in the great majority of cases the epiglotis is 
involved The great majority of the more advanced cases present laryngeal lesions 
The characteristic early symptom is the leprous huskmess and pecubar vocal quality 
which strikes the experienced as suggestive The patients complain of dryness and the 
tickling sensation that causes a dry unproductive cough Not infrequently severe 
oedema of the larynx develops resemblinglhatofsomeallergicphenomena Laryngeal 
stridor and oedema of the glottis may occasionally result in fatal consequences This 
acute reaction is also accompanied by high fever chills severe pain in the limbs and 
acute cutaneous lesions 

Nervous System — Besides the characteristic anaesthesia various manifestations of 
neuritis are frequent especially involving the ulnar facial and peroneal nerves Ibe 
affected nerves show a fusiform colargement and are tender Later there may he 
trophic changes in the skin bone and nails of the fingers and toes Absorption of bone 
and perforating ulcers are frequent Muscle palsies and atrophies especially Ih* 
main-en grUTe are also common The orbicularis palpebrarum is not infrequently 
paralyaed The olfactory optic and auditory nerves are rarely if ever involved Ti* 
reflexes are slightly exaggerated Patients often complain of a sensation of «ld 
The temperature of anaesthetic fingers is sometimes reduced below normal Some 
authorities have called attention to the frequency of a mental and moral apathy m 
lepers and many lepers suffer from a marked mental apathy . 

The Circulatory System — Honey considers a high pulse rate especially m tee 
morning as characteristic of progressive stages of leprosy . 

The Blood — The blood shows no charactenstic changes but there is often • **““5 

aryanaema Leprosy bacilli are sometimes demonstrable in the blood especiallyatt 

time of the febrile accessions They are more common m the blood of the *, 
cases Anderson (1936I m a chemical study of the blood in BraeiJ found that the to 
hpids are abnormally high in leprosy the iodine index lower than normal m ear y 
leprosy and higher than normal in late leprosy cases that are not improved by 
The fatty acids were found to be increased in the later stages of the disease but 
cholesterol level in all stages was below the Brazilian normal average 
not only that the cholesterol content of the blood is reduced in leprosy but ‘bat 
sedimentation rate is often decreased and generally speaking is greater in women a 


The Eye — In nodular leprosy eye lesions chiefly leprotic nodules in conjunc-tivae or 

ins with subsequent ukeration ate met with at some time in the course of the is 
in almost 00 per cent of the cases In nerve leprosyr corneal ulcerations chiefly r 
ing from paralyses of the facial muscles with ectropion and other eye symptoms 
in about 45 per cent of the cases . ^mective 

Gemto urinary Symptoms — Atrophy of the testicles with increase . 

tissue often results but data would indicate that the procreative power of the lema 
but Uttle diminished Lepers often die of renal comphcations ^ _ .(.ces 

rather those of amyloid change Baolh may be eliminated m the 
siocs of fever Radna (1939) emphasizes the elimination of leprosy 
after the administration of arsenic m 9 cases m which the unne was , 

treatment with novarsenobenzol Anderson has found that the nephntis wh 

leorosv is aggravated by treatment with chaulraoogra oil metals fly 

blS 1“ ” 

given intensive specific treatment With ipotromc agents rarely sup 

® The Lvmphatic Glands —These tend to enlarge and show bacilli but ra y 
purate inguinal cervical and qntropiclear glands are most often enlarg 
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eyebrows palsy of the orbiculans palpebrarum and nodular thickening 
of the lobes of the ears are all characteristic of the disease However 
there is no single symptom that can be regarded even as generally the 
earliest one 

Muir IE the study of nearly a thousand cases m Indian asylums with 
reference to theearhest noticeable lesion found that there was a far greater 
prevalence of the lesions radiating from the nose as a center which prob 
ably resulted from nasal infection spreading through the lymphatics of 
the face second there was a great excess of lesions upon the extensor 
surfaces this being due bethought because they were more exposed than 
the flexor surfaces third a large number of lesions were situated on the 
feet especially the soles all this indicating direct infection through the 
skin of areas uncovered by clothing 

In many cases however the appearance of an anaesthetic spot is fre 
quently the first sy mptom Gomez (1924) in studying one hundred cases 
of leprosy with special reference to the initial lesion found that the great 
majority of the patients declared that they first noticed numbness of the 
lower extremities usually more or less localized to a well defined area 
Next in frequency was the appearance of red spots usually on the face 
and most frequently on the cheek about (be malar bones In a few of the 
cases the spots were single but m the majority they were either multiple or 
generalized Next m frequency were paler or whitish maculae occurring 
also more frequently on the face Inafewcasesthey weresmgle butmore 
frequently multiple or generalized In a few cases the first symptom 
noticed was the appearance of nodules usually generalucd in one 
case m the ear only The author emphasized that the great frequency 
of nervous manifestations is remarkable and that it is impossible to 
point out with certainty any particular lesion as the initial one it being 
probable that the microbe eaters the body in many cases without produc 
mg external change multiplying in the lymph spaces and spreading in 
the body 

Differential Diagnosis — ^Leprosy may be confused with a number of 
cutaneous diseases and particularly with the cutaneous lesions of syphilis 
tuberculosis and naso oral leishmaniasis Syringomyelia also may cause 
confusion In India it is stated that the disease most frequently mistaken 
for leprosy is probably syphilis Some of the skin lesions in syphilis do 
resemble those of both nodular and nerve leprosv Muir states that he 
has seen what looked like typical leontiasis of the face which is frequent in 
leprosy but the case turned out to be one of syphilis The most impor 
tant points in the differentiation of the two diseases are the presence of 
anaesthesia m nerve leprosy and its absence m syphihs the history of the 
manner of contraction of the disease in syphilis and the effects of arsphen 
amm or other arsenical preparations or of mercury in svphilis However 
the leprous condition may recede following the administration of arscnicals 
though usually more slowly than in syphilis Finally a careful bac 
tenological examination should be made for the discovery of leprosy 
baalh or spirochaetes in the lesions 



S46 


WACNOSI5 


With reference to the history the habitation or community in wbdi 
the individual has resided and possible exposure or contact with persons 
affected may excite suspicion The mucous membranes of the nose are 
sometimes infected and patiicularty m the nodular form and sometimes 
in the nervous one epistaxis is occasionally the first sign of the disease 
Later the flattened nose of the leper is often very striking resulting as it 
docs from the disappearance 0/ tlie septum through ulceration Stitt 
points out that one should always examine the lobes of the ears or region 
of the eyebrows and feel lot shot like nodules One should also parlic 
ularly seek, lor areas of discoloration upon the skjn with anaesthesia for 
symmetrical eruptions of macular areas nith bilatcra! distribution »'hjch 
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may be dusky red or fawn colored and elliptical in shape the periphery 
of the lesion being elevated and more deeply pigmented while the center 
remains lighter in color Such lesions should be particularly sought for 
on the buttocks, legs and forearms and should be carefully tested for 
anaesthesia Theoccurrenceof tropbicdjsturbances isof particular imj»r 
tance suchasper/oratmgulcers muscular atrophy especially of tiiehan s 
tesulttng in the condition known as claw hand Other defornutiW 0 
the hands and feet resulting from loss of phalanges and persistent ulcers 
at the articulations of the phalanges of the fingers and toes are parlicularly 
suggestive Facial paralysis js also a very frequent condition m leprosy 
The occurrence of typical nodules and their distribution is often pat 
ognomonic of the disease The eariy involvement of the nasal pharjw 

and the larynx and the formation of lesions in the vocal cords resulting m 

peculiar resonance of the speech is also particularly characteristic 0 
leprosy Finally in the advanced cases the expression of the face Koa 
liasis satynasis ectropion of the eydids and of the tips the loss or 
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0ujd and Uie assermann reaction with »t has been reported as negative 
Kolmer has claimed that non ^plulitic lepers gi\e a negative serum 
reaction with his modiScation of the complement fisation test but others 
using this technique have nbtajn^ approxiciatfd/ the same nuniber of 
positive reactions as by the usual meth^ 

Tuhtfcul IS — 1 -upus vulgaris nay not (atrequeatl)’ resrrable leprosy especially 
when the nose or mouth is affected However the apple jelly color distnbution sue 
of the lesions consistency and Enethod of development of the lesions in lupus are usually 
suSicicotly distinctive lo les^osy tte presence of anaesthcsa mU also aid is the 
diSerestiatiDn tlnfortunately the tuhcrculio test u usually of no assistance id differ 
(stiatuig these two diseases Coodpastere obtamed 100 per cent positive complement 
fiution test in 34 cases of nodular ouxcd and anaesthetic leprosv using an aatigen 
compCFsed at a suspeosion of HaitUu lute eul s s al humln on ift The discovery of 
theiubercle bacillus on the one hand or of ibe leprosy baciliu on the other will obviously 
pve a definite decision However for differentutson of these tv. microorganisms 
unless the leprosy bamll are present in large numbers wicbin endolbelial cells inocu 
btion of a guinea pig with More of the suspected nuiienal roar he necessary A nega 
tive result will usually eaclude tuberculosii 

^ re 0 of Lttshman si — Ift certain parts of the tropics part cularly m parts of 
Sovch \mcrica leprosy is frcduontly confused oith naso-oral kishnsmasis The early 
destcuet on of the nasal septum n lepr sy and the flatten ng of the nose and oeetosia 
of the alat nasi may h v ry cofifusing particularly m etati r t the iaie stages of 
le shmsniasia Nasal scrapings however will usually cev tl the leprosy bacillus 
Infoiiunttely m tbe late stages of nas« oral leishmaniatis the luthmania are found 
only IB very small noabers or may be at sent 

dyriaj my I » or St nai D ere —St tt Doles ihat ) r 1 :1 ly the most diffcult 
diseiae to diff rentiaie from lepr sy is aynn|omyel a Tbe symptoms of this d sease 
are produced through a glinnutous no growth about the central canal of the tpioai 
cord with cavity formatioo due 1 the development of «t»l rjonal neuroglia t seue m 
which hsemorrhages or degenerations Uhe place with tbe formation of cav tits It la 
characterised by neuralgic pa na cutaneous anaesihesi abd paint t destructive whit 
tows with logs of tissue and hence oat be somrsimtsc nsiderably confusing in diagoosis 
In synngartijcUa the ^assocutioo » as roa ked as with leprosy In synogomyeha 
however the uppee eaireroitiea are as a ml alone flecied and the muscular atrophy 
IS more of the scaj ulohutneraf type with uiv Ivciacnt of the trunk muscles caustog 
scolosis raCIter than of tbe (fieoa and fivpotbena nimenc s that while the fingers 
may be mare contracted and rigid than in leprosy lie m it-eui S >» not produced 
Tbe anaesihel c areas of tyr ng oijelui continue to swtuit and the t may be also 
spastic symptoms and speech defects w synogwnytlu but e en so the <$ Scrtnbal 
diagnosis may be (onseCimes ^cially difficult Cl m nko ecorde j a Case lUusIratiQg 
the dilTculty of establishing a diagno s where many vmptotns f both leprosy and 
syringom)^ are present In a case whidi be reported -d f cl ve speech dysphagia 
Komhergtstn tpasic and laiic gait head bent forward with limited movement 
lordosis at the raiJ-dorsal rp ne aCipphyoflhe lenwJeil /aatoit rouMlet nyalagmua 
and anaesthesia ove tbe back f the phalanges and pains of the hands and over the 
fr nt of lh<r thighs legs and feet were all present Tbe fingers f boih hands were 
treaily deformed with atrophy of tbe CbeRtr inusclei There was a tuberculous erup- 
tion upon the chest The author c odudeid that nysiapinus d fCruily in swallowing 
husky vaio. impotence oegati e tkassereianii and abseait of nasal lepra baciUi wt e 
in favor of a diagnosis of tyringomyekaiawhiditiere wasan unusual type of deformity 
resulung in a condition tiisulaling the daw hand Hnd nbtediy tbe b ctenoIogicaJ 
esamintuon and the f nd ng ol the I pro^ banlla is the mriat aal ifaclety means of lie 
differtnliaUon of these two d seases 

K«y»jwdt d a < may be particubily dill reiiioltij by the p ogrcsaivt ulcer 
stive ptocesa Umited to the eatrenulies Jnv 1 ed and by tbe absence of nerve trunk 
involvement 
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Wassermann HeactiffH — ViUortuRstely the l^assermann rcacJioa a 
vcr> frequently of no assistance m the difTercntiation of sjijhilis and 
leprosy 

Cooke (ig jj) tibuhted i397C3Lsesof Uptoiy in whicbuptothctimtcfkispvblica 
rwn the Uassermann rwetwn had been perfomed In so per cent of the cases a 
positive Wassermann reaction was obtained 71 j cases were of the nodular and miied 
sanely and in this group 60 per cent were positive 405 mere purely anaestbeUcase? 
and only *5 per cent of these gave positive reaetions later Goodpasture (igrj) 
found that the Wassertniun reaction was positive m 60 per cent of onlteaied nodular 
and mixed cases of leprosy and in per cent of similar cases treated wtffi ciaulmoogrj 
oiloritsprodtjcts Lloyd (19x4) m a study of szSadiilt lepers found a positive asset 
mann reaction in tt per cent of ail eases in irpercentof anaesthetic cases intypercwt 
of mixed cases and m 63 per cent of noduUr cases In a senesof leper children he 
found a positive It assermann reaction mbx percent maypercentofanaestheticcases m 
8a per cent of mixed casts and id ccio pet cent of nodular cases thus much higher figures 
were ofatained m children than in adults Leaoalso examined the assermann reaction 
in leprosy He obtained a positive reaction in macular cases of 8? per cent in tuber 
cular cases m 65 per cent and m the necious form of 17 per cent He also examined 
the Sachs Georgi test in leprosy and found a positive reaction m the nwcubr foria w 
6i percent »» the tubercular form in per cent and in the nenous form in ij per cent 
McKinley and Soule (rgds) perlormM the Kofmer ttasiermaon and Kahn reaction* 
with the sera of PhiUpmo patients having a severe lepra reaction but f resenting no 
evidences of ayphilis or yaws Tiese reactions were positive w iJ and jg per cent 
Tinally Sicaiaa anef ftanciu obtained a positive Wassetmann rtaetion ift 22 out of 
2? lepers lEowevec on using the method of progressive dilutions with physiologic* 
salt solution kti cases of leprosy and syphths giving positive reactions they found tbai 
the titers for the reaction m leprosy greatly surpassed those of aypbihs They eon 
aidered that this method therefore may beot vaiuein the diagnosisofieprosy lloo 
ever from what has been said it is obvious that in general the reaction » of btlle service 
in diderentiatisg these two diseases 

Maltaner (1940) by the employment of rjuantiiativt methods of complement 6** 
tion found tbai tn the ctatmnation of 47 specimens of seta from leprosy cases that only 
3 reacted to fcigh degree while 5 others reacted to « less marked degree and a gave 
slight reactiORs The remaining js «ere negative In contract a large proportwn of 
the leprosy sera reacted to the lobercle antigen 

Some authorities upon syphilis believe that a positive ^\assermann 
reaction m leprosy may be accounted for by concoimtaat jnfecivon vvith 
syphilis or jaws Jlonever in many cases of leprosy w'lth positive 
Wasaermatin reaction no evidence of either sj^phihs or yaws has been 
found even at autopsy McCoy has pointed out that the percentage of 
positive reactions in the United States is also high and that m these cases 
jaws can be excluded It would appear that in rtianj cases of Jeprosj 
there are serological changes anah^ous to those occurring m syphilis an 
jaws The strength of the reaciion fluctuates during the coutse otthe 
disease and is most often positive in the febrile exacerbations Ptnker 
ton (i 9J8) has observed negative Wassermann reactions on lepers on 
entrance and has observed that as tiie leprous disease progresses t c 
Wassermann and Kahn preapitation tests become positive and t f 
intensity of the test diminishes as the leprosy recedes 

AntisyTihilitic therapyhasnot been of value in the absence of sypbih * 
lesions and some workers have felt that it was actually hattnfai « 
non syphihlic lepers no changes have been found m the ccrebrospm 



Iteflrganiim awing to its peeutursttvctoR issosseivbat djiScuIt to sum ooc! a 
powerful dje s; b as cstbolfucbsu ts often Beccssaiy tif deaoBstnte it uti fa tonly 
Tbe ieprosy baciUi usually uVe up ba KsUiDs SOUK bat nor# easily but aUo decobt 
ize more readily than tubercle ba'^lli Hoi ever teere are crrtam lanaCiofls in this 
re pect witf) organisms obtained from diffetent sources Lepro y baciUi may some 
times be ovrrlooied in sectiora ixmgto tb« ttadiress iritb ubicb ibe stain is extracted 
from tbe bacifb in debydraitng and citanng tbe sections Jf leptM is read ly sUtned 
by Cram s method Vttth tbe Zitbl ) erlaon Cabbet carbolfucl'sin solution as used 
for tbe s aioing of tbe tubercle baciUos tnost satufactoiy results are obtain d For 
tfie staining of (be organism in xeeiiem his netbod or tbe Cram lleigert slam or 
lacbsin metbifene bUe stam of Baaupnei) all give very satisfactory results Tbe 
Baumgarten stam does not color the tu^'ercle bacillus so readily 

In from 50 to Jo per cent of Jeprosy casc« the mucous membrane is 
/ouni to be infected Muir points out ibe bacillus hjs been found in 
some cases in the nasal mucus where af the time there were no other 
signs of leprosy 

On (be other band the eaawmstnn of tbe nasal mucus often gi es negative results 
andiomei mes confusing ones If ben tt«leprosv^a)l>a» f uad in great abundance 
a dm masse wttbin cells there is hide doubt about the d agnnsis bat sometimes in 
(be nasal mucus (he leprosy baolU are s anly or are so atypical in appearance (hat one 
Buy be kft in doubt as (0 (be nature of the a id fast organ m tVbere only a (cn 
isouted acid fast bacUti are found it must be borne in ouod tbal ibeir are otbrr acid 
fastfaacdii besides tbe leprosy bsc ISus^b ch m gbi Oeuswnal y be found in (benosmls 
In 'lamia acid fast bacilli Here found in (an Koter Morgan Mho hat made euaina 
tiona of tbe nasal mucus obtained by neaas of stenie s*abs composed of cotton aool 
Slapped aroand tbe end of an iron sire founi that a’tbougb rg of bs case* were 
diagnosed as leprous on ocher ground fepro y bacilli were fauodin (be nasal aacustn 
only two of tbea Ibe organisms ere more apt to be founi »hen corya sub mucous 
ssudate is present In order (0 etcite a drug coryaa tbe standard pfovtdurt bes been 
to administer Oagr of iodide of potasb after sbieb tbe leprosy bactl' may frequently 
befouadia tli>setrttioa proiuced Tbougbabettfrcnethodis tos rape hkA a s^lpel 
tbe mucous afRibrar<e it sbould be borne in mind (hat e en this does n t aln'ays give 
» positive result w leprosy case* 

In some cases particularly of the nerve form it ma\ be oeces-ary to 
remove a small bit of tissue Film preparation* shoufi be made by 
smearing the cut surface of a portion of this tissue over the clean glass 
slide while another portion of ibe tissue may be hardened m alcohol or 
Zenker’s solution and sub cqueatly slained as already desrnheef tfsuaJlj 
as man^ leprosy bacilli ate found u» the film pre/araijons made from the 
tissue as to the section itself but the section wUI obviously meal the 
pathological histology which may in some insrancea be of further assist 
ante in diagnosi 

Kobaytthi rtcommeads (urticulsrfy for tbe early dugnoj » of / pro y tbe puncture 
end enminsiioR <■( fluid from (be teste* He bii tound that la numerous dan of 
leprosy be eouW deaianjf/ate tbt btetOti* from sach Sad c ca from c»ies beoog no 
autward cbxages in the testes and even u eases abere tbe ba tenological euouaatiaB 
oi other msctnal bad proved negative In this cnnaect a it is intemtiag to recall 
that VfonsHau found tbjt tbea^nxsof the \oiU region in West A/nc* 

rMd ly rtcogniee tbe early a gnj of feprosj wad fook pariicuUrly t r d sc lored patches 
oa the i>odf pain* on pressure over ibe daUI pbabage* aod a oodile la the t»t clt 
In cboo*ing eapu ts they always a oid any tbowig there sigas 
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Certain other skin diseases may nomcnt&rily Cause confusion Rmpiorm is some 
times closely simulated by some skin lesions of leprosy particularly when they are red 
and scaly Microscopical examination however wiU reveal the diagnosis leprosy 
bacilli being found in one instance or the characteristic tnchophyton in the case of 
ringworm TtnfU ttrsualor may be mistaken for leprosy particularly when the lesions 
occur on the face where they are apt to be a little lighter than upon the chest The 
writer on two occasions has founil boys with tinea versicolor infection upon the face 
m leper colonies or asylums Here again microscopical examination will immediately 
differentiate the infections the presence of lltcrosporen JurJur being easily found in 
scrapings from the patches 

k aws could hardly be confounded with leprosy except m some of its tertiary manifes 
tations Yaws also immediately yields to injections of arspheoamin and similar 
arsenical preparations while leprosy is not affected promptly oral all b> such treatment 

Gangosa may in some instances be confused with advanced eases of leprosy The 
chief diagnostic difference in this affection would be the absence of the leprosy bacillus 
From the clinical appearance at times the differentiation might be impossible Mur 
dock (1931) and Pinkerton (193S) found no instance of involvement of the nasal bone 
m leprosy 

Fthroma moHuicttm which is not uncommon to India and other parts of the Fat 
East nught occasionally cause confusion Here again the absence of tie feprosy 
baalli will decide the nature of the aflectioo 

Archibald has recently reported from fhe Sudan a case of leprosy which might have 
been confused with mtlluscum eon/ogtosuin This case from the lesions might well 
have been termed miliary leprosy and sections of the lesions revealed large numbers of 
leprosy bacilli 

Leuecdtma sometimes called white leprosy by the natives bears a certain resem 
blanee to the pale macular patches of leprosy which have already been discussed 
However the abrupt margins and absence of anaesthesia in leucoderma are quite 
distinctive Another noticeable difference in the lesions is that the leprosy patches 
rarely perspire A hypodermiciojection of pilocarpin may be given in order to dfier 
ectiate this point 

Bactenological Diagnosis — ^In some instances tie practical diagnosis 
of leprosy can be made before a pwsitive bactenological result is obtain 
able and this is especially true in certain neural ca es of the disease 
However the diagnosis of leprosy should if possible always be confirmed 
even if it is not made by the microscopical examination and detection of 
M leprae m the lesions Microscopical preparations should be made 
from the macules papules or nodules which may be present on the skin 

The skin should first be thoroughly scrubbed with soap and water and then with 
alcohol and ether to free it from any saprophytic acid fast micro organisms that might 
be present on the surface The lesion should then be grasped by the thumb and 
finger and pressure applied until the overlying skin becomes anaemic tVith a scalpel 
a very small incision should then be made through the epidermis and well into the coriuro 
and the surface scraped lightly This causes a small amount of serous exudate to 
appear which should be spread upon glass sbdes The specimens should be obtained 
without a large amount of blood since blood renders the examination less satisfactory 
Scrapings should also be made from the nasal cavities A narrow bladed knife show 
be employed and the mucous membrane ravenog the cartibginous portion of the 
septnm scraped and the mater/al oa the knife then spread oa a clean slide ^rapmp 
should also be made of any lesions m the nostrils such as nodules or ulcers “‘J 

should of course subsequently be thoroughly stenhxed All these preparations shou 
then be hardened either by heat or with absolute methyl alcohol and stained by t e 
Ziehl Neelseti method (decolorizing lightly with 3 per cent IICl in alcohol) or J or so 
pee cent H SO in water Specimens may be stained with hematoxylin to obtain 
histological background before the acid fast stau is applied 
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earlier east but it seems to have been established that the reaction may 
occur m leprosy quite indepcBdently of the existence of sjrphihs and that 
in leprosj complement fixing bodies are developed to some extent which 
are siimlar to those found in the serum of cases of syphilis This obviously 
is only another demonstration that the reaction as generally performed is 
not a speafic one 

The tuberculin reaction is gixen also by cases of leprosy and Good 
pasture has employed the complement fixation test m which an antigen 
composed of a suspension of Bacillus lubcfculosis was employed as a 
means of measuring the response of leprous patients to treatment with 
chaulmoogra oils, the reaction showing a tendency to become negative in 
cases in which leprosy bacilb were no longer demonstrable 

Taylor and Malone employed Dryers method of defatting tubercle 
bacilli by the application of formalin and acetone to the leprosy bacilli 
A fine gray powder was thus obtained which may be kept well in a desic 
cator The sera of too lepers m the Rangoon leper asylum were tested 
with suspensions of this antigen and all 37 of the nodular leprosy cases 
all but a to 50 nerve cases and it of 13 of the mixed cases gave positive 
compleoient fixation results making 97 per cent of the total cases positive 
The great majority of the leper asylum cases had bad the disease for 
3 years and longer They tested the sera of 30 cases of tuberculosis but 
obtained positive reactions in so per cent only 

With reference to the contradictory results which have been obtained 
With regard to the complement fixation reaction as apphed to leprosy 
Lewis and Aronson tested 45 sera from 39 lepers using as antigen various 
acid fast bacilli including those bebeved to have been cultivated from 
lepers and Bacillus tubercuhsts All gave numerous positive results 
varying between 81 8 and 96 8 per cent None of the control sera gave 
any positive results with Clegg s organism The authors however point 
out that while the reaction may be of practical value m diagnosis these 
reactions are no evidence of any of these bacilli being the cause of leprosy 
since most frequent reactions were obtained with the tubercle bacillus 

Black (1939) has p< formed the compleoent fixabon nactiQo with Uie highly 
chromogenic strongly acid fast b alius which Linas (1936) cultivated from the blood 
of cutaneous cases of leprosy Linas reported posibve complement fixaboa m 99 | er 
cent of cases of lepr sy DUck using this same organism obtained a positive react on 
in 94 S per cent of cases of leprosy bactenol gically positise a pos live re ebon in 37 5 
cases of leprosy bacteriologicaUy negaUve and a pos ti e reaction in 03 per cent of 
319 sera of miKcUaDeous cases (not leprosy) A positi e re ebon nas also obtained m 
6 pet cent of 30 cases of tuberculosis Pe eira (193S) also with this org nism obta ned 
a positi e reaction in 14 per cent of 50 healthy persons U)»e {1939) in Calcutta 
studied the complement fbeatioo test u leprosy using ant gens from 6 diSercnt acid fast 
bacteria These anbg ns were prepared from the so-called lepra baalli of Kedrow 
ski LteraSjBay nandDuial An antigen from the tubercle backus was also i eluded 
T^e tests were performed on ray cases of leprosy and m 60 cases of other diseases 
All the ant gens behaied more or less similarly though the one prepared from LJeras 
organiSTi) ga e a h gh r n mber of positive results than the ether anbgens The 
greatersensiUvityofLleras antigen however didnot seem todepend onaay speaficity 
as a posibve reacbon was obser ed In non leprosy cases also 
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Attentloa has already been called to the fact that leprosy bacilli 
may sometimes be found in the blood of nodular cases, and espeaally at 
the time of the febrile accessions Honever a negative result should not 
exclude the diagnosis of leprosy 

For finding leprosy bacilli m the blood from 5 to 10 cubic centimeters should be 
removed from a vein mth a syringe containing a small amount of z per cent sodium 
citrate solution After centrifuging the sediment should be treated uich 10 per cent 
antiformin at 37 C for one hour The nuiture should then be again centrifuged and 
after washing to get rid of the antiformin the sediment is spread out upon a slide and 
stained in the usual manner Snuth and Rivas added 10 volumes of 2 per cent acetic 
acid and i volume of blood centrifuge and then snaVe film preparations from the scdi 
ment In nerve leprosy eaamination of (he blood is of bttle use as organisms are 
rarely present 

In leprosy as in other infectious diseases the rate of sedimentation of the red blood 
cells may be increased Although the test has bttle diagnostic value it may^be an 
index of the progress of the disease At times it may be diminished 

Rubmo has shown that the serum of lepers causes agglutination and sedimentation 
of formolued sheep red blood cells Within an hour Confusing hetero agglutinins in 
the sera are removed previously with non formolued cells The reaction appears to 
be specific hut it is not very sensitive Since it is positive only in the well marked 
cases Its usefulness as a diagnostic procedure 1$ hmited 

If enlarged glands ate present as for example in the epi trochlear region gland punc 
ture or excision of the gland and examination as already described for tissues may 
reveal promptly the dugnosis 

The onlj other acid fast baciUi which are likely to be confused with 
M Uprae are the Bacillus lubercuhsts and the Bacillus smepnae Tubercle 
bacilli are found m lesions in much smaller sumbers as a rule than leprosy 
bacilli Howev er, as already pointed out m some lesions leprosy bacilli 
may be scanty The differences in the pathological histology of leprosy 
and tuberculosis which have already been referred to will usually aid in 
their differentiation 

Inoculation of a guinea pig with the suspected material will give a negative result 
in the case of the leprosy bacillus and a positive one usually in the case of the tubercle 
bacillus The smegma bacillus also is usually not found in such large numbers as the 
leprosy bacillus and not within endothelial cells While the differentiation of these 
bacilli has been suggested by means of their aad fast properties and permeabibty of 
stains such methods are really unreliable at times and of little value in accurate differ 
entiation of them When the leprosy bacillus occurs only in small numbers as it 
sometimes does and is not intraceUular it must be remembered that it has no single 
characteristic that will differentiate it from BaciUiu fuberculosts 01 BactUus smegmat 

The Roentgen rays have sometimes been utilised in the recognition of very early 
atrophic changes in the bone where commenang absorption of the phalanges may 
occur In some cases there is even disappearance of the terminal phalanx of some ot 
the toes This method may be of considerable value particularly if there are nootner 
satisfactory indications of leprosy to suggest a bactenological examiaatioo 

Serological Tests — A large number of investigations have been made 
with the hope of discovering satisfactory serological tests of value in diag 
nosis Reference has already been made to the fact that some 40 to 50 per 
cent of the cases of leprosy have given a positive Wassermann reaction 
There was formerly considerable discussion as to whether this reaction 
could be obtained in leprosy m cases in which syphihtic infection did not 
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earLfir etist but :t seems to have been established that the reaction may 
occur m leprosy quite independently o£ the cTjstence of syphilis and that 
in leprosy complement filing bodies are developed to some extent which 
are similar to those found m the serum of cases of syphihs This obviously 
IS oaly another deinoQstratJon that the nsctioR as generaJl) performed ts 
not a specific one 

The lnhercuhn reaction is given also by cases of leprosy and Good 
pasture has employed tbe complement fixation test in which an antigen 
composed of a suspension of Sacttlus lubercnlosis was employed as a 
means of measuring the response of leprous pauents to treatment with 
chaulmoogra oils the reaction showing a lendesicy to become negative in 
cases in which leprosy bacilli were no longer demonstrable 

Taylor and Walont employed Dryers method of defatting tubercle 
bacilli by the application of formalin and acetone to the leprosy bacilli 
A fine gray powder was thus obtained which may be kept well to a desic 
cator The seta of loo lepers m the Rangoon leper asylum were tested 
with suspensions of this antigen and all 37 of the nodulat leprosy cases 
aU but 3 to so nerve cases and ixoft^ofthe mixed eases gave positive 
CompSement fixation results nuking 97 per cent of the total cases positive 
The great majority of the leper asylum cases had had the disease for 
3 years and longer They tested the sera of 30 cases of tuberculosis but 
obtained positive reactions m so pet cent only 

\Vith reference to the contradictory results which have been obtained 
with regard to the complement fixation reaction as apphed to leproay 
Lewts and Aronson tested 45 sera from 39 lepers using as antigen various 
acid fast bacilli including those bebeved to have been cultivated from 
lepers and BaetUut iabtfcuhsu All gave numerous positive results 
varying between 81 8 and 96 1 per cent Kone of the control sera gave 
any positive results with Clegg s organism Tbe authors however point 
out that while the reaction may be of practical value in diagnosis these 
reactions arc no evidence of any of these bacilli being the cause of leprosy 
since most frequent reactions were obtained with the tubercle bacillus 

Black (1939) has pertoiacd tbe ccmplemeet Sntion caetton with tbe bigbSy 
chreaejHi t iirontly *nd 5» l bstiJJus wbitb Llttas (1936) cultivated from tiie blood 
oi tutaoeous cases of Icptosy Ue as reported poutive coiapleDieat fiiatioo m 99 per 
ctac of ca:es of leprosy Black ustDgtbisaacneorxamsiii obuiiud a positive read d 
in 94 5 per teat of casts of 1 prosy bactenotofscally positive « pqs live tescUon in 37 s 
cases of leprosy baeitnologjcally oegative and a pas Uve reaetiaa in jo j per tent of 
329 sera of misceitaneous cases (not lepiosyr) A poi ti ve ceactioR was aUo obtained in 
bpercentof; cases of tuberculosis Tcrc a ( 93S) also w tb this organism obtained 
a positive reaction in 4 per cent of 50 healthy penont Lowe (1939) m Calcutta 
studied she complement fixation test Bs l^icosy iniog antigens from 6 different acid fast 
bictena These ant gens were p epaeed f obi the so-caUed lepra bacilli ef Kedrow 
shi Ueras Bayoo and Duval An aotigea team tbe tubercle bacillus was also included 
The tests were peffottoed on » 3 <«ea of leprosy and in 60 cases of other diseases 
All the antigens behaved more or less uaula ly tbough the one prepared from Lleras 
o^aoitm gave a higher number ol posttve results than the other antigens The 
greaterseDsitivityotLl ns antigeo bowevar dtdaotaeenatodependonaoyspecifirity 
asapsutivcreactioo was ob c ed In mb leprosy cases also 
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McKinley (1938) performed over 5000 mtradermal skin tests with 
antigens prepared from \arious acid fast bacteria, some of which had 
been isolated from cases of leprosy by McKinley and Soule The antigens 
included the TPT (protein) of many of these organisms, the protein 
polysaccharide phosphatide leprosm (wax) and leprosinic acid from one 
strain of acid fast isolated from a case of leprosy and a protein prepared 
from the fibrin of the blood from leprosy cases Cases of leprosy in 
various stages of the disease individuals who had been in contact with 
the disease, suitable control individuals having had no contact with 
leprosy, individuals of both sexes and varying ages cases of both neural 
and cutaneous leprosy predominating and cases bactenologically positive 
and negative have been given mtradermal tests with these antigens 
In no instance did the positive reactions m leprosy exceed the negative 
and no definite conclusions therefore can be drawn The study indicated 
that in none of the antigens studied have we found a specific antigen 
for a diagnostic skin test for leprosy The work also suggests that the 
supposed strains of 1/ Uprae from which several of the antigens were 
prepared are not related specifically and etiologically to the disease 

Xu6in0 1 Rtsetton —A number of reports have appeared recently in the literature 
regarding the value 0! this reaction m the diagnosis of leprosy The method of Wester 
gren has been particularly used The titrated blood is placed in a tube and the rate of 
the aedimentation noted in millimeters at tbe end of 1 to e to 14 hours In general the 
rate has been greater in women than in men In leprosy the sedimentation rate maybe 
decreased below that of normal subjects and at tbe same time the cholesterol content 
of the blood has been found reduced Rubino more recently advocated an agglutinaUoa 
sedimentation test with formoltzed sbeep s corpuscles The sensitiveness of the reac 
tion 18 reported to be clear and not obtained m any condition except leprosy the serum 
of the lepers containing a spectbc substance which causes rapid agglutination and 
sedimentation of formalized sheep s corpuKles Tbe teacuon u regarded positive if 
the sedimentation is produced is less than an hour with the formolized corpuscles 
Imbert (193b) has studied the reaction in Puerto Rico employing different dilutions 
of the serum fresh corpuscles with formol and non formohaed corpuscles as control 
The reaction was positive in 70 per cent of all cases of leprosy 86 per cent in the nodular 
cases 70 per cent in the mixed and 6r per cent in the nervous types No positive 
reaction was found in the non leprous cases 

Pkocnosis 

The prognosis in leprosy is unfavorable although spontaneous improve 
ment frequently occurs at different periods and the disease has a tendency 
towards self healing In a number of cases in which the lesions seem to 
be especially confined to the nerves the disease seems to die out 

The Leprosy Commission of the Philippines in 1935 came to the 
conclusion that the disease must be considered incurable The incidence 
of relapses in the cases around Manila was 46 per cent and in Cebu 
30 I per cent Postmorten examinations made at the Culion leper 
settlement of individuals who succumbed from other causes showed that 
M uprae was present in the nerves of almost all the cases which had been 
supposed to be cured Postmortem examinations also showed that in 
cases in which during life the palms of the hands and soles of tbe feet 



untosY $5$ 

aod other areas of skm appeared ttomai ditucatly many leprosy bacilli 
■ffete found 

The Commission pointed out tbat the treatment of children of lepers 
does not prevent them from becoming bacteriologically positise lepers 
that the pathologic processes which develop in the skin of children of 
lepers is similar or identical to those in the skin of the cured lepers ami 
this shoo s clearly the incurability of the disease because if the drug fails 
to prevent the children of lepers from becoming infected and with bac lli 
present it is clear that the same drog cannot prevent a leper suppose<1K 
cured from developing & relapse of the disease if he lives long enough 
This Commission however believes that many lepers may be freed 
of the demonstrable presence of leprosy bacdli by chaultnoogra treatment 
the surface of the body becoming free from the causative organism 
Dunng the past lo years about 3500 patients have been discharged 
from the Cuhon leper assylum as bactenologically negative However 
It IS known that the disease has recucred in about half of the discharged 
cases Burgess (1938) points out that apparently the relapse of some 
cases at least » not due solely to the fact that those paroled from leper 
colonies go back into the same conditions of Itving as those from which 
theycasie Very recently there w-asconducted at Cebu P I aninterest 
ing ezpenment along these bnes Five young men paroled from the 
Cebu leprosarium were taken mlo the home of a Catholic pnest as house 
boys This was done for the purpose of seeing whether sanitary living 
conditions and proper diet would prevent relapse AU these became 
positive again within a period of from 4 months to 4 years except one 
This latter after a two year period is still quiescent but this was prac 
tically a burned out case when paroled 

As a rule nodular leprosy runs its course more quickly thati pure 
nerve leprosy and in nodularleprosyiotercurrent infections are frequently 
the cause of death Tubercidosis results fatally in about 43 per cent 
ofehecases and nephritis in almost 30 percent a combination of tubercu 
losis and renal disease occumng m about to pci cent Lepers especially 
those with nerve leprosy may live for 30 to 40 years 

Propuylaws 

Segregation is the most important prophv lactic measure Leprosy 
tends to spread where there is marked personal uncleanliness and dose 
contact with lepers in overcrowded quartets 

NVith reference to disinfection matt) auttioruies consider the free 
use of soap and water the roost important means of avoiding the infection 
Rooms or buildings formerly occu^ed by lepers and which are to be 
used for the dwelling of othm ^ould first be fumigated in order to 
destroy any insects present sebicb may pcessbly assume a role in the 
occasional transmission of the disease Later there should be a general 
disinfection of the room or bouse with bichlond solution i 1 ooo or 
carbolic acid r 30 and all personal belongings dishes etc should be 
disinfected either with one of these solutions or m boiling water 
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As noted undee epideDii«!<fgy there seems to be little evidence to shew tbit jsseew 
pl»y iny part m the transiaission of leprosy Nevertheless «t wauld seem advmble 
to prevent flits from beMaung cootamiMfed wjth the discharges (nm leprous tikera 
tions which to often teem nth leprosy bsolli This possible method of rare mechaoici’ 
transmission by flies of bacilh to othn iodtvidtuls would seem more deserving of itten 
tton than the question of the possilalily of the taking up of bacilli from the blood by 
mosquitoes bedbugs or biting flies and their transference to man \VhiIe the leprosy 
baciih are found in the blood of patients with nodular leprosy chiefly dunog the febnle 
accessions an all of the ordinary insects the bacilli seem to disappear la a veiy short 
time except in * tew instances in the tick Jfowever acid fast bacilli have been reported 
to subsist for a longer time in the cockroach These pests can geoeraiiy be easily 
destroyed by sprinkling the places they inhabit with & little sadiam floonde 

Segregation — The leprous individual constitutes a source of danger 
to the community in which he lives He is ihe onij source from which 
infection of another indn idual maj resuit The only effectual way of 
suppressing the disease in a community is through the detection and 
isolation of all existing lepers The prevention of their contact with 
normal persons especially with children is a most rniportant factor 
Segregation has been generally considered as the only means of eradicat 
mg leprosy While it is generally considered the one pros cn prophylactic 
measure there are still those who question its practical value 

One of the best recognieed efforts at compulsory segregation has been 
earned out in Hawaii but there has not been any marked influence on 
the spread of the disease among the oatne Hawanans However, in 
70 years of segregation the incidence rate has been somewhat reduced as 
well as the total number of known cases Nevertheless, from 50 to 
too new cases have been reported in JIawaii each year In recent years 
better education and better general living conditions have apparently 
helped in reducing the amount of disease 

In Louisiana compulsory institutional segregation was begun in 1894 
when the Louisiana leper home was established near the present institution 
at Carville For the 41 years of its wistence and the jp of the national 
leprosarium the average annual number of oeiv cases admitted from 
Louisiana has been approximately 17 though tor the last 4}^ years it 
his been 9 Hasseltine {1938) points out that the manner of enforcement 
in different y ears of the law of compulsory segregation has an influence 
on tbe number of new cases discovered Some M the patients become 
dissatisfied and run away again constituting a focus of infection to the 
community Since 1923 there have been s$q absconders Of this 
number, r6o returned nearly one half coming back voluntarily Eight 
are known to have died and 82 are still at large though some of these 
probably are dead To lessen absconding a system of permits to v isit 
their homes has been established 

Burgess (i93S) emphasizes that after 30 years of heroic segregation 
of the cases m the Philippine Islands we are faced with tbe knowledge 
that there is no staking evidence that the number of chmeal observable 
lepers has been decreased 

Nevertheless, at tbe Internatiotial Congress of Leprosy (1938} the 
representatives of most countries consider^ segregation as a necessary 
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measure The representatues from Norway Sweden Iceland and Fin 
land related the diminution of leprosy in those countnes m the first 
three of them by legal segregation and in Finland with voluntary hospital 
uation In Norway the reduction has been from 2850 in 1856 to 18 m 
*937» tn Iceland from Q\er 00 in 1900 to 32 in 1937 m Finland from 
9} to 19 since 1904 in Sweden there were at the time of the report only 
10 cases recognized 

However m some localities segregation la regarded as impracticable 
McCoy (193S) believes that in the areas in which infection appears to be 
rather readily communicated lepers should be isolated m order that we 
may take advantage of vrhatever measure of success attends isolation 
He personally doubts that the success is very considerable In the areas 
in which experience has shown that the disease does not spread there 
would probably be no neccssitv for isolation of cases save from the stand 
point of public chanty or from the sensibilities of the community In 
the matter of public health control the question should be settled by the 
mdividual ca<« Cases judged to be highly infective obviously should be 
segregated This indicates particularly those of the nodular or mixed 
tvpe ol the disease Purely neural cases may be allowed liberty 

Rodnguez (193S) summarues the leprosy activities of the Bureau of 
Health of the Philippines under 3 mam heads (il the control of open 
cases bv isolation and treatment in Icprosaru discovery and treat 
Blent of closed cases (not infectious) by means of slin dispensaries con 
ducted separately from the leprosaria (3) the following up and treatment 
of paroled cases of leprosy that have become infective After 10 years 
experience it has been found that these so-called skin dispensaries are 
the best means of discovenng and attracting leprosy cases In the 
Philippines in Cebu only about half the cases of leprosy have been found 
to have contracted the disease in houses occupied by other lepers 

MTiere a leper is not cvcreting bacilli or where aad fast organisms 
cannot be found after careful search there may be generally little danger 
of contagion. Such patients however should report for examination 
every few months Evidence as to contact indicates that all young 
children are particularly liable to the infection This has been noted 
not only for children of lepers but also for brothers and sisters of lepers 
Ev en if segregation of lepers is not carried out as regards adults it should 
he for children and infants and young children should be separated at 
birth from their leper parents or parent Cochrane (1939) who made an 
intensive study of child leprosy in India believes there is considerable 
evidence indicating that the more serious type of leprosy develops where 
contact IS maximal and that the most important form of contact is mtra 
familial Home in/ections jn different regions vary from 25 per cent to 
75 per cent of the total cases RodnguesfigyS) Koeston (1938) in Japan 
found a parallehsm between the chances of contact with lepers in the 
community and the frequency of the disease 

A remarkable feature in connection with leprosy is the hysterical 
dread that many communities still have of a leper notwithstanding the 
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As Doted uader epJdetaioJogy there seeait to be itttie evideace to sbov tint lasects 
play »oy pan in tie Iransmission of lepro^ NeverlheJ«s it would seem advisable 
to prevent flies from becouuag cobtattuaited with tke dxsclutges ftoia leprous ul«fa 
Uons wluch so often teem with leprosy haolh This possible method of rare awbaaical 
transmission by flies of baealli to other individuals voufd seem more deserving of itten 
tioo than the Question of the possibility of the taking up of bacilli from the blood by 
mosquitoes bedbugs or hieing flies *i»d tbtir tnasUeeace to taaa ^"hiJe tie feprwy 
baciih are found in the blood of patients with nodular leprosy clurfiy danng the ftbnle 
accessions in all of the ordinary insects the baolb seem to disappear m a very short 
time eieept in a few instaaeea in the tick Ifowever acid fast baalli have been reported 
to subsist for a longer time in the cockroach These pests can generally be easily 
destroyed by sprinkling the places they inhabit with » hftle sodium fluoride 

Segregattdo —The leprous individual constitutes 3 source of danger 
to the community in which he lives He is ihe oalj source from which 
mfection of another individual mi> result The only effectual «ay of 
suppressing the disease in a comroumty is through the detection and 
isolation of all existing lepers The prevention of their contact wih 
normal persons especially with children is a most important factor 
Segregation has been generalli considered as the only means of eradicat 
mg leprosy While it is generally considered the one proven prophylactic 
measure there are still these who question its practical value 

One of the best recogniaed efforts at compulsory segregation has been 
earned out in Hawaii but there bas not bees any marled laduence on 
the spread of the disease among the nati\e Hawanans Howeter, in 
70 years of segregation the incidence rate has been somewhat reduced as 
well as the total nuraber of known eases Nevertheless from S® 
leo new cases ba^e been reported in llawati each >ear In recent years 
better education and better general living conditions have apparently 
helped m reduasg the amount of disease 

In Xxjutsiana compulsory institutional segregation was begun in 1894 
when the Louisiana leper home was established near the present institution 
at CarviUe For the 42 years of its existence and the 19 of the national 
feprosanum the average annual number of new cases adoutfed from 
Louisiana has been approximately rr though for the last 4}i years it 
has been 9 Hasscltine (r9$8) points out that the manner of enforcement 
in different years of th-C law of compulsory segregation bas an influence 
on the number of new cases discovered Some of the patients become 
dissatisfied and run away again constituting a focus of infection to the 
community Since ipai there have been 250 absconders Of this 
number i6o returned nearly one half coming back voluntarily Eight 
are known to have died and S2 are still at large though some of these 
probably are dead To lessen absconding a system of permits to visit 
their homes has been established 

Burgess (1935) emphasixcs that after 30 years of heroic segregation 
of the cases in the Philippine Islands we are faced with the knowledge 
that there is no striking evidence that the number of clinical observable 

lepers has been decreased 

Nevertheless at the Internaljonal Congress of Leprosy (Z938; tne 
representatives of most countries considered segregation as a necessary 
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in the baths It seems improbable however that any medicament 
employed m the bath has any special therapeutic property 

The leper being generally ioohed upon as an outcast from society 
and usually shunn^ b\ most people is often apt to have fear of the 
disco\ery of his condition and after his isolation to brood upon it 
Sometimes he assumes a hopeless attitude regarding his cure As a 
result he often becomes exceedingly mentally depressed and this mental 
attitude may affect his desire for food and his powers of assimilation 
and hence his \itality and resistance to the infection may further suffer 
Therefore attention to the mental condition is necessarv and an attempt 
should be made to encourage the patient and to keep him from brooding 
over his unfortunate state For this reason it important that suitable 
and if possible entertaining work be provided for him and in all leper 
institutions it is advisable to keep every leper employed according to his 
capacity for work even though some can do very little Healthy out 
door employment if pot too strenuous may be beneficial toward recovery 
fwra the disease Various industiies agncuhute and dairy {arming 
related to the needs at the leper msfitutioo may be indulged m by many 
of the patients with less advanced lesions The establishment of a 
school or a band of music theatncal performances etc are also of 
importance An attempt should be made to have the leper lead as nearly 
as possible a natural life and to encourage bun to forget his unfortunate 
condition and to feel that he is a useful member of the leper community in 
which he dwells How' much can be accomplished m this respect may be 
seen from a % isit to the Government leper colony in the Philippine Islands 
which occupies the beautiful island of Culion Here there have been 
collected since 1906 mote than la 000 lepers 

Bodaan has also described the conditions of a leper village settlement 
in Java where voluntary isolation is carried out which presents a good 
example of what can be done for lepers by tactful and sympathetic 
treatment 

As in all chrome wasting diseases the diet constitutes a most important 
feature in the treatment of leprosy The waste of the tissues must not 
only be built up but the strength of the patient and his natural resistance 
to infection must be conserved as far as possible Hence it is important 
for the diet to be of a proper nature and properly prepared as well as 
nutritious and sufficient in amount in proteins fats carbohydrates and 
vitamins Fresh meat vegetables fruit and dairy products have a very 
important place in the diet of lepers Although it has been suggested 
that fish should be avoided there appears to be no definite evidence that 
fresh fish has any unfavorable effect on the disease Dutton points out 
that when the food supply consists mainly of fish or of salted fish a 
deficiency of some elements of diet may occur and that no fish except 
shellfish contains carbohydrates Underhill Honeij and Bogert have 
pointed out that when leprous patients are given calcium they tend to 
retain it to a very marked degree and they suggest that plenty of calcium 
should be supphed m the food as a therapeutic measure 
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fact that the contagiousness of the affection is usually slight and that 
there are few instances that pro\e undoubted transmission of the disease 
from one person to another However knowing that immense numbers 
of the bacilli are given off from ulcerations and other active lesions in the 
nose one should guard especially against the dissemination of leprosy 
bacilli from such sources 

Like tuberculous patients lepers may contiminate their immediate 
surroundings with their secretions and excretions Hence these should be 
sterilized as m tuberculosis Coughing sneezing and expectorating may 
cause dissemination of the disease It should be recalled, also that the 
urine and perhaps the faeces may contain the causative organism Espe 
cially then patients with bone lesions 1 e , excoriations ulcers secreting 
wounds etc both of the skin and mucous membranes should be strictly 
segregated Patients with the maculo anaesthetic variety provided they 
hav e no demonstrable excoriated lesions in the nasal buccal or pharyngeal 
mucosa need not generally be strictly segregated but they should be 
required to take all precautions against the contamination of others 
Continued association with leprous individuals should be avoided 
Rooms bedding wearing apparel cooking and eating utensils should 
be used only by the patient They should be thoroughly sterilized by 
heat before being used by others Even more careful precautions should 
be carried out than in pulmonary tuberculosis Lepers should not be 
allowed to beg in the streets (as is common in some countries) or keep 
shops or handle food or other articles intended for sale They should 
not also be allowed to frequent fairs and public places or hire themselves 
out as servants Children born of lepers must be at once removed from 
the diseased parent and carefully observed subsequently for evidences of 
the disease 


Treatment 

General Treatment —As soon as the diagnosis of leprosy has been 
carefully made it is important that the patient should be placed in 
hygienic surroundings and that these be made as attractive for him as 
possible in connection with his isolation In order that the feeling of 
isolation may be alleviated as much as possible it is usually better to 
allow him to associate with other individuals suffering with leprosy 
Obviously this can best be accomplished m properly arranged leper 
colonies or institutions devoted to the care of lepcis He should be 
placed upon a sufficiently abundant and nourishing diet Thorough 
cleanliness and hygiene of the skin should be maintained and dean 
underclothing frequently supplied Pediculosis scabies ringworm 
infection with Demodex foUtetdafum and other cutaneous disturbances 
should be eliminated by proper treatment Frequent bathing with 
plentiful use of soap is advisable and sodium bicarbonate may often be 
added to the warm bath for its cleansing properties Certain natural 
baths in Japan were formerly thought to possess curative properties and 
m Hawaii the aromatic leaves of the eucalyptus tree were formerly placed 
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recreation play as great a role in the treatment of leprosy as in the 
treatment of tuberculosis 

Drug Treatment — Chaulmoogra oil or its deri\ati\es has for many 
years been the standard treatment for leprosy The oil (Oleum gyno 
cardium) is obtained from the seeds of Taraktagenus kur it in Burma and 
Assam and contains tno unsaturated &lt) acids (Actdiim chaulmoogrtcum 
and ictdiim h\dnocardKum) Formerly the ml was also prepared from 
the seeds of Cy nocardta odorata but this oil ts practically without action 
since the two fatty acids just mentioned are not contained m it The 
oil IS also obtained from the seeds of Ilydaocarpiis utghliana m southern 
India and n cnthelmtulica in Siam and China The pure oil may be 
administered by the mouth in doses of $ to 6o minims 3 times daily It 
may be taken with a lump of sugar or mixed with milk or vichy water 
Some patients bear it comparatively well In many others it causes 
gastritis and they are unable to assimilate large doses This not infre 
quentlj necessitates cessation of the remedy However many patients 
haveimprovedstrikinglyafterlongcontmuedingestjonof theoiJ Engel 
B'y who has had a large experience with leprosy m Egypt recommends 
oral admiQistratioQ in dosage of 30 drops of the punhed oil solution 
under the trade name antileprol for a period of 3 to 4 years Doses 
of the oil have also been successfully given in pdl form DeLangen 
(^936) recommends the following prescription for such pilU 

I? 01 Chiulmoa^a« 

Ccrae fiavse 

Sauh alb aa 1^5 

Pulv tad glycyrrh 

Ext glycytib. aa si» 

M f pil No M 

Re believes the best way to administer the pills is in ascending doses 
beginning with 5 pills 3 times a day and increasing a pills a day every 
third day If symptoms reUtiog to the stomach develop the course 
must be stopped for a week or two and then recommenced The dose 
may be pushed as high as possible The rather large pills of chaulmoogra 
oil that have been in general use contain 100 milligrams (Gr i 5 ) of the 
Oil Other clinicians have employed the oil in gelatin capsules given 
directly after meals While some still emphasize the value of the oral 
admimstration on account of the fact that so many patients cannot 
tolerate it and in some it causes toxic symptoms the oral administration 
has been largely abandoned The imtant properties of the oils have 
been shown to be due especially to the decomposition products of their 
therapeutic constituents that is chaulmoogric hydnocatpic and gorlit 
acids This decompensation takes place rapidly in the seeds and hence 
It is necessary to use only fresh oils from fresh seeds The od itself is 
quite stable and keeps fairly wdl under proper conditions of storage 
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Every effort to improve the geaeral condition of the patient should be 
made and particularly on this account a careful examination of the stools 
for intestinal parasites should be earned out and any parasites found 
present should be eliminated as far as possible by proper treatment 
Anc> lostomiasis and other intestinal parasitic infections are very common 
among lepers Malana and syphilitic infection should also be sought 
for and if either is present, treatment with quinm or arsphenarain, as the 
case may be should be administered In this connection it should be 
borne in mind that many lepers will gi\e a positive Wassermann reaction 
even in the absence of coexisting syphilis Either syphilis or tuberculosis 
may be associated with leprosy in the same patient Constipation or 
diarrhoea or dysentery during the disease may also require special and 
proper treatment 

When attention has been given to these details of treatment as out 
lined above and the patient has been placed m favorable surroundings 
and given proper diet and kindly care many cases begin to improve 
IV ithout specific treatment There is often an improvement m the general 
nutrition a gam m weight, and sometimes even an improvement or 
disappearance of the lesions of the skin Also the mental condition of the 
patient frequently becomes better this feature being no doubt sometimes 
influenced by the fact that he no longer fears the detection of his ailment 
However usually this improvement is only temporary and fresh exacer 
bations of the disease occur 

A number of references are found m the literature to the spontaneous 
recovery of cases of leprosy If speafic treatment is given which subject 
Will be discussed presently, the visible lesions may also disappear entirely 
and after a considerable period the leprosy bacilli may no longer be found 
in the excretions IfcCoy who has had a wide experience with the 
disease states that when asked about the curability of leprosy he usually 
answers that he has seen a number of cases of recovery but doubts if 
he has ever seen one cured Throughout the course of treatment and 
observation of the patient it js important that he should continue to 
observe the general rules of health Relapses after long penods of 
quiescence are frequent If diet work m the open air rest, and sanitary 
surroundings are neglected and the resistance of the patient lowered 
thereby , the lesions and symptoms of the disease often reappear We 
do not know whether climate plays any part m relation to treatment 
and we can only say that in some localities the disease shows no tendency 
to spread, while m others it does Whether these differences are depend 
ent upon temperature and moisture seem doubtful 

Hasseltine (1938) m emphasizing the need for institutional care and 
treatment in leprosy regards it as m every way as desirable as for tubercu 
losis He reports that leaving out those that enter the national lepro 
sanum at CarviUe in a monbund state he can assure practically every 
patient admitted that improvement will take place in the first 3 ^ 

months Rest good diet, and regular habits as to sleep exercise ana 
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intravenous use As verj small intravenous doses of alepol ma> occasion 
ally produce long and severe reactions it is desirable to begin the intra 
muscular and subcutaneous doses with i cc of a 3 per cent solution 
increased gradually twice weekly up to $ cc or more or until saturation 
has been obtained It is better to use intramuscular injections until 
reactions cease before commenang intravenous injections 

McDonald recommended the use of etk\l esters mth the addition of 
: per cent iodine by weight and reported good results m Hawaii Rod 
nguez and Lara in the Philippines and Mmr in India have also used 
extensively the lodued ethyl esters The dosage recommended in the 
Philippines is from 2 to $ cc once a week intramuscularly The injec 
tion of the preparations intradermally has been used extensively first 
m the Philippines and later in India by Muir and is know n as the infiltra 
tion method The esters ate injected into the actual lesions of the skin 
by means of multiple small punctures raising a wheal not more than i cm 
in diameter One half to one drop is injected into each puncture and 
«p to 5 cc may be injected into an area some to-20 sq inches at a sitting 
The lesions so treated often become negaiive bactenologically m j or 
a months The addition of 4 per cent creosote to the esters renders them 
less irritating 

Hurwitzand Anderson (1936) have studied the value of chaulphosphate 
This preparation is said to be relatively nontoxic in that it is one fifth 
to one tenth as lethal for animals as alepol It is nonsclerosing in type 
and a water soluble chaulmoograte (na dichaulmoogryl 3 glycerophos 
phate) It does not cause immediate haemolysis in the blood cells and 
has been recommended for intravenous use in the treatment of the disease 
Anderson adnximsieted this drug to 20 patients in 0 s to i 0 gm amounts 
dissolved in sterile physiologic sabne solution Treatments were given 
twice or thnee weeUy While some lots of the drug gave no reactions 
others called forth severe febrile responses up to 40 C with nausea 
and vomiting These untoward efiects however were transient and 
were believed to be due to the presence of carbonates and phosphates 
m the crude drug preparation used Cases treated showed marked 
improvement 

A new chaulmoogra cholesterol complex has been prepared by Beranger 
and Its value reported upon by Flandin (1938) He stated that given 
intravenously the drug is unusually effective and especially valuable in 
lepra fever It has not been tned out however by other leprologists 

Johansen has recommended as being less irritating the use of ben ocaine 
chaulmoogra oil for intramuscular injection Three grams of benzocain 
are added to 10 cc of olive oil and mixed with a stirring rod this is then 
added to po cc of chaulmoogra oil previously warmed on a water bath 
to 70 C the oil mass is then agitated in a flask until all remaining crystals 
of benzocame are dissolved The mixture is filtered through filter paper 
and then heated on a water bath at 100 C for one hour Benzocame 
goes into solution without increasmg the volume of the finished mixture 
After expenmentation to determme dosage and the most appropriate 
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More commonly the intramuscular, subcutaneous and intradermal 
injection of the oil has been employed In the Philippine Islands in earlier 
years at the San Lazaro leper asylum subcutaneous and intramuscular 
injections of Mercado s formula formerly were employed by Heiser con 
sisting of a miicture of 6o cc of chautmoogra oil and camphorated oil and 

4 gm resorcin Injections were made weekly, commencing with i cc 
the dose being increased steadily according to tolerance These injec 
tions however even when given into the gluteal muscles often gave rise 
to considerable pam and many patients show intolerance after a dose of 
only a few cubic centimeters has been reached 

Rogers recommended especially the oil from Il^dnocarpui wtshhona 
because its seeds were found to contain lo per cent hydnocarpic acid 
w hich w as nearly tw ice as much as obtained from other seeds and appar 
ently this acid is the most powerful anti leprotic one A 3 per cent 
solution of sodium hydnocarpatc from the oil of this plant has been 
placed upon the market Its use intravenously was recommended 
However thtombosvs of the vein and phlebitis are apt to occur as a result 
of continued intravenous injections More recently Rogers employed 
a 3 per cent solution given intramuscularly or subcutaneously twice 
w eeUy in doses commencing with o 5 cc and increased by the same 
amount at each dose up to $ o cc or more 

Other authorities have preferred sodium morrhaute j cc combined 
with the gynocardate 

£lAyf Esters — Holman and Dean in their investigations in the 
Hawaiian Islands, for a number of years prepared and administered the 
ethyl esters of the fatty acids of the oil The preparation is injected 
into the gluteal muscles once or twice a week m doses ranging from 1 cc 
to 5 or 6 cc (10 drops to I dram) Usually : cc is first given and the dose 
gradually increased Treatment must be continued over prolonged 
penods 2 3 or even 5 years with intervening periods of rest It is 
now recommended that fortnightly determinations of the sedimentation 
rate of the blood should accompany the chaulmoogra therapy and when 
the rate is high treatment should be temporarily omitted 

A number of preparations of the ethyl esten of chaulmoogra oil have 
been placed on the market 

AnltUprol IS an ethyl ester put up in capsules of 13 gr each and given 
intramuscularly or by the mouth twice weekly and in gradually increasing 
dosps . , .L 

Moogrol consists of the ethyl esters of the entire fatty acids of the 
whole oil The initial dose is i cc given intramuscularly and this u 
increased by the same amount m every second or third injection until 

5 or 6 cc are reached depending upon the age and weight of the patient 
Smaller amounts may be injected intradermally 

AUpol IS prepared from the sodium salts of a selected fraction of the 
less irritating lower melting pomt, fatty acid of hydnocarpus oil A 
1 ner cent solution can usually be given subcuUneously or intramuscularly 
without causing pain A r per cent solution has been recommended for 
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Other Diugs Anilint Dyes — Duimg the past 7 jears attention has 
been attracted to the emplojment of aniline djes in the treatment of 
lepros> The selective afEmt> of soch d>es for leprotic lesions combined 
in manj cases with their powerful bactencidat activity of acid fast 
organisms in vitro raised considerable hopes for this form of treatment 

Trypan blue and fluorescin and methelene ^en v ere especially recommended 
Ryrie in J^Ialaya gave trypan Muc injected intravenously in 25 cc doses of a 4 per 
cent solution fluorescm in to ce of a i per cent solution and eosm m 25 cc of a 2 per 
cent sol ( on A definite diminution of the external manifestations of leprosy was 
observed Scala of Mess na administered intravenous injections of methylene blue 
to II lepers nith complete failure of any favorable results 

Soluble fiuoTtstin alhtd lo mtituKithrome has been employed in doses of 10 cc of a 
2 per cent solution given twice Meekly However Ctnetsonand^ derson (1934) have 
emphas zed the toxicity of all these drugs and the dangers nf repeatedly using high 
doses of them in human leprosy They point out also the supenonty of o at administra 
ti n over their intrave ous use Denny llopkinsand WooUey some time ago reported 
that mercurochrome given intravenously once weekly to 44 lepers caused improvement 
in 16 However Hurwitx and Anderson (1936) who employed merthiolate another 
mercury lluo esc n type of drug in le patienls for over 2 months intravenously found 
no imprevement in the leprosy and (be drug nas discontinued on account of the unfavor 
able symptoms such as pain in the back stomadUs a d albuminuria Soule ( 939) 
administered methylene blue intravenously to tt lepers without a y beneheul results 
Lowe (1939) has stud ed the effect of nibropben which has been claimed to be of 
some alue m the treatment of leprosy Howe er he was unahle to confirm this 
None of the eases chosen showed any improvement after theadm nistration of the drug 
Anderson and hvs ssoct tes ( 936) found that nepbnvn a common complication of 
leprosy s aggravated by dyes especially methylene bl e and also by cha Imoogra oil 
p paratioos metals and certain other drugs In his opinio patients with damaged 
kidneys should not be given intensive specific treatment with renotropic agents 

The International Leprosy Congress resolved that the hopes regarding 
the value of these dyes has not been fulfilled The d>e treatment m 
leprosy cannot be considered to have reached the stage where favorable 
recommendations regarding it can be made 

Protein Shock Therapy — Many attempts have been made to treat 
leprosy by protein shock, therapy The favorable results produced by 
febrile reactions m leprc»> have especially encouraged this method of 
treatment and intravenous and subcutaneous injections of various 
organisms have been made 

Man) so called specific products whether of the nature of extractives 
as leprolm or nastin or of bacterial vacemes have been tried with results 
which have not tended to gain the confidence of conservative clinicians 
The product which has been given most general trial is nastm This is a 
neutral fat extracted from a streptothnx growth obtained b) Deycke 
from leprous nodules It is combined with benzoyl chloride and is 
contained in ampoules contaimng from one half to one fifth of a milligram 
Wise and Minett treated 244 cases with nastin for periods of from 
I to 2 years the treatment having been at first supervised by Deycke 
himself It was stated that nodular cases did not seem to be improved 
and that anaesthetic leprosy was not apparently influenced Recent 
reports have not confirmed its value 
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W Ade points out that ^Uen ts undergoing mtine medication m nh the oil or esters 
cegister a variety of complaints particularly when the larger doses are reached The 
conditions complained of are particularly ® ovses are reacoro ice 

upon pulmonary disease The most common complaints made by thepatients at Cuhon 

of n T md.cai.on, to the traimcnt IXises 

of the oi! large enough to affect the leprotic les.ons la tuherctilous cases ate decidedly 
harmful Active treatment is contraindicated when acute or advanced ebrowe 
tnS"'The^t^ 2 't‘'‘en/!l‘^*M‘'^r*^ >nvMvemeat « not marled the purihed oil may he 
tried The treatment should also not be administered to atiaemieand debikuied indi 
viduais Those «ith marked cutaneous lesions do jKrf as a rule tolerate medication 
« ei Proper attention to the food and eaere.se of the patient has been found to be 
quite as important as the diug it^K Chol.ng appearing immediately after an mjec 
tion may be so severe as to be abrmmg To relieve an attack the patient is given a 
drink of water and then made to lie do in qmetly In a very te r ease, the paroxysm of 
coughing may be ro severe as I® require# hypodermic injection of morphmeardatropin 
difdc«if«m — G W McCoy (194*) »nfei that there has been widespread beiirf 
among the meroliers of the medical profession that ehaulmoogra oil and its derivatives 
are valuable— speafically curative agenu-m the treatment of leprosy Ife adds this 
16 111 marked contrast with the views expressed by many experienced students of the 
disease when th* subject is discussed posaidj Kuoon observauons have led him 
to the coaclusioQ that the oil and its denyabves are of tittle or no curative value and 
that the unp'easant side effects probably out w«gh any advantage to the patient that 
might possibly accrue from their use fie quotes from a number of authorities who 
apparently concur lo this opioion 
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Other Drugs AntUtre D)es— During the past 7 jears attention has 
been attracted to the employment of anibne dyes in the treatment of 
leprosy The selective affinity of such dyes for leprotic lesions combined 
iQ many cases with their powerful bactericidal activity of acid fast 
organisms i« vUro raised considerable hopes for this form of treatment 

Trypan blue and duarescin and loetlieleiie green were especially recommended 
Ryne in Ma1a>a gave trypan blue injected intravenously m 2S cc doses of a 4 per 
cent solution fluo escin in 10 ce of a 2 per cent solution and eosin m >5 cc of a 2 per 
cent solution A definite diminution of the external manifestations of leprosy nas 
observed Scala of Mess na administered intravenous injections of methylene blue 
to II lepers vrith complete failure of any favorable results 

Soluble fluoresem allied to mcrcurochrome has been empbyed m doses of 10 cc of a 
J per cent solution given twice weeUy llonever Emerson and Anderson {1934) have 
emphasized the toxicity of all these drugs and the dangers of repeatedly using high 
doses of them in human leprosy They point out also ihesupenonty of oraladministra 
tion over their intravenous use Denny lIopLmsand Woolley some time ago reported 
that mercurochrome given intravenously once weekly to 44 lepers caused improvement 
m 16 However Kurwit* and Anderson (1936) who emplojed merthiolate another 
me cury Cuoresem type of drug in 10 patients for over meotbs mtra enously found 

0 improvement in the leprosy a d the dr g was diKonlinuedon account of the unfavor 
abis syrAptoms such as pain in the back stomatii s and elbumipuiia Soule (1939) 
adnumsteied methyleoe blue intravenously to lepe s with ut any bcneScial results 

Lowe (1939) has studied the effect of nibtopben which has been claimed to be of 
some value in the treatment of leprosy However be was unable to confirm thi 
None { the cases chosen show ed any impr ement after the administration of the drug 
Anderson and his associates (1936) found that nepbnt s a common complication of 
leprosy is aggra ated by dyes especially niechylene blue and also by chaulmoogra oil 
P epantiODS metals and certain other drugs In bis opioion patients with damaged 
kidneys should not be given intens e spec ftc Ireatmeot with renotropic agents 

The International Teprosy Congress resolved that the hopes regarding 
the value of these dyes has not been fulhlled The dye treatment in 
leprosy cannot be considered to have reached the stage where favorable 
recommendations regarding it can be made 

Protein Shock Therapy — Many attempts have been made to treat 
leprosy by protein shock therapy The favorable results produced by 
febrile reactions in leprosy have especially encouraged this method of 
treatment and intravenous and subcutaneous injections of various 
organisms have been made 

Many so called specific products whether of the nature of extractives 
as leprolm or nastin or of bactenal vaccines have been tried with results 
which have not tended to gam the confidence of conservative clinicians 
The product which has been given most general trial is nastin This is a 
neutral fat extracted from a streptothnx growth obtained by Deycke 
from leprous nodules It is combined with benzoyl chloride and is 
contained in ampoules containing from one half to one fifth of a milligram 
\\ise and Mmett treated 244 cases with nastin for periods of from 

1 to 2 years the treatment having been at first supervised by Deycke 
himself It was stated that nodular cases did not seem to be improved 
and that anaesthetic leprosy was not ap{»rently influenced Recent 
reports have not confirmed its value 
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However Muir has €mplo>ed a suspension of Kederosky’s acid fast 
baciHus intravenously and obtained fasorable, though temporary results 
due to the protein shock induced * 

Manson Bahr (1940) injected typhoid and para typhoid vaccine mtra 
venotisly and thought the noprovement «hich resulted was due to the 
protein shock It seems not w^cly that the temporary beneficiai 
effects so often observed from various other vaccines, sera and bat 
lUary emulsions arc due to the shod^ like reaction produced bj the 
foreign protein contained in them Hiphthcna antitorin has been 
employed far this purpose hi Bangkok by Collier C1940) Cobra venom 
has also been recomnaended b> Chopra L Chowhan (1939) on nerve 
leprosy 

Ephtdnne in doses of to ^gr byfbe mouth in hardgelatin capsules 
has been especially recommended by Mmr to relieve the nerve pains of 
leprosy 

AdrenaUn has also been employed 3 minims being injected in sahtie 
solution intravenously along the course of the affected nerve Ephednne 
may also be given in the same manner suspended in ro cc or percent 
carbonate solution 

Thianun Chlonde (Vitamin BO —Cadger and Patrick (1938} efunny 
6 months treated to patients who bad rather severe acute leprous neuritis 
of the peripheral nerves with intramuscular injections of thiamin chlonde 
(vihstmn Si) The injections were begun as soon as possible after the 
onset of symptoms or when the patient first complained of pain The 
procedure followed was to give 300 international units once a day b\ 
intramuscular injection and twice a day by mouth In the 7 cases in 
which the injections were begun on the day of onset the pam disappeared 
corapleteJj' 24 hours after the first inyectwo 10 four 48 hours in one and 
on the fourth day in another Dcfoiite diminution in the sw cUmg occurred 
about the time the tenderness disappeared 

Anhmony has been employed eatcnsively in leprosy It appears 
to be of particular value in controUmg the condition known as the lepra 
reaction. Muir has partiadarly advised intravenous injection of larior 
emetic for reducing the lepra reaction caused by iodine Jfore recently 
the colloidal form of oscol 5h6iKm i cc to be given at intervals of 3 days 
has been recommended 

Cochrane (*938) has investigated the question of why I'arious workers 
report failure to control the lepra reaction by trealment nith the antimony 
products He believes that the confusion in the literature is due to the 
inadequate appreciation of what is really meant by the lepra reaction 
and what for want of a belter name has been described as the reaction 
state (an allergic condition seen m tubeccidoid leprosy) is confused with 
the true lepra reaction Further the Jepia reacljon can be subdivided 
into acute sub acute and chrome stages Antimony products are only 
of definite value m tbe acute fepta reaction, to bnng the temperature 
down He found it did this m all cases after 4 to 6 injections He 
also found by erperimeotation that a pentavalent antimony product 


Grasset and Davison (i04 > haW eWfAued of a iilled non 

strain of tubercle bacillus and behe e it of value m the trealreent of palients 
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fouadm was as effective as potassium antimony tartrate and easier of 
administration 

Potassium lodid — Muir when in India reported good results with 
large doses of potassium lodid given twice weekly and gradually increasing 
the dose until the maximum is reached so that 120 or even 240 grams 
were given m one dose 

It IS nel! knowD that the lodids and e^iecially potassium lodid often produce a 
marked reaction m leprosy A number of observers have considered this salt useful 
especially in connect] n with the diagnosis of the infection because it was found that 
the nasal catarrh produced by its use often facilitated the search for lepra bacilli in the 
nasal secretions Some workers have regarded the apparent exacerbation of the disease 
produced by the drug as dangerous hluir however considers that the reaction pro 
duced by potassium lodid is not necessarily batoiful and that the breaking down of 
leprous tissue caused by the administration of the drug if the dosage is wisely regulated 
may be one of the most beneficial processes poss ble ui the treatment of the disease 
Potassium lodid does not hovicver lend itsell to use in mass treatment It 1$ advisable 
to beg n with small doses and to gradually increase these ae ording to the tolerance of 
the patient Less than i grain may cause a febrile reaction which w U Ust two or three 
week while liter 0 as the conditi n improves such massive doses as 140 grains a day 
may be taken without re et n Mu thought th t potassium lodid is a most useful 
ther peutic agent m all stages of leprosy In cases us which a considerable amouat of 
leprous granulomatous ti sue has been formed the breaking down of this tissue by 
poUssium lodid apparently induces a co s derable degree of imnusity and these two 
fietori the breaking down of leprou tissue and immu Cy combined are m his espen 
ence more powerful therapeutic agents in leprosy than any otbe s which he has seen 
The reaction s gns after injection of the lodid are the following ( ) s elling up a d 
rytbema of the existi g le 0 s ( )tbeappe r nee of f esb rose colored nodulea which 
are often painful (3) fever not always pre ent (e) marked acceleration of blood aedi 
mentation and (5) apparent granulation of lepra bac Ui in the lesions If rose*c lored 
nodules ppear and d sappear aga n id a few days the physicun can press the treatment 
w th some assurance as thei disappearance is a sign of immun ty and when this is 
present tbeb eaking up of granul smatous t ssueaod s tiing free of b cilli in the general 
circulation will not cause furtb r d emination of active disease but a gradual heal ng 
up of the les ons W hile the treatment may be $u table for all the stages and types of 
leprosy in many c ses the larger d es p duce swelling I affected nerves a d induce 
p n and tenderness in them Ic the second aod thud stages f the d sease m \ h ch 
lepromatous t ssue is abundant even the sm llest doses generally produce all the reac 
Cions referred to above 

However the International Congress of Leprosy {1938) emphasized 
that the use of this drug frequently causes disastrous results and its use 
IS therefore to be discouraged for the purposes of diagnosis and treatment 
or as a test of recovery unless in very skilled and experienced hands 

Arsenobenzol — This drug has been employed in cases in which 
there has been co existing syphilis Radna (1939) emphasizes the elimina 
tion of leprosy bacilli in the unne after the administration of arsenic in 
9 cases in which the unne was negative before treatment with novar 
senobenzol In these cases it was positive for leprosy bacilli after the 
treatment * 

Thermal Treatment — Nocht and Velasco have submitted leprosy 
patients to long repeated artificially produced rises of temperature for a 
duration of from 8 to 10 hours and as high as 40 L (104 F ) and more 
The treatment was well tolerated by the leprous patients and apparently 
FagetandP gge (1943) regardpr m n as the most aluableof all the sulfonamdes 
n the treatm nt of leprosy although a^iarentlv n c se has bee me ar ested \ et bi 
tr tme t e ther 0 Uy by > t enous inject o a 
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did not produce anj dangerous or inconvenient after effects in the lepers 
who were in good health Most of the cases, however, appeared not 
influenced even in those m which the treatment was repeated and pro 
longed Onlj in special cases was there marked improvement Ross 
(1938) at the Catville leprosarium treated 5 patients with 3 courses of 
weeklj treatments during each of which the patient s rectal temperature 
was raised to between 105® and 106 F for from 1 to 3 hours, and in one 
patient for 5 hours In some instances there was an impairment of the 
renal function with albuminuria and casts The renal function tests 
however, showed no evidence of permanent damage to the kidne)S No 
favorable results were reported from the treatment 

Johansen (1929) has also reported on 18 leprosy patients treated 
with a total of 164 fever treatments induced b> means of the Kettering 
h>’pertherm with maintenance of the patient s temperature as a rule to 
io 5®F — io6®F for s hours In 15 of the 164 treatments complications 
necessitated the termination of the treatment before the full time Among 
the complications were shock nephritis and delirium In 66 per cent 
li) aim and granular casts and in most of them also albumin were present 
Temporarj loss on the average of 4 4 lbs of weight were reported The 
results were ver> unsatisfactory for of the 15 patients, 13 were worse 
after the treatment and 2 remained stationary 

Intranasal Therapy — Pinkerton who has had many years experience 
m the study and treatment of the pathological conditions of the nose 
throat and larynx in leprosy believes that none of tlie many remedies 
described, including chaulmoogra oil act as a specific in local or topical 
treatment There should be hygiemc care of the mucous membranes 
Such treatment resolves itself largely into methods of cleansing and the 
accomplishment of drainage of the nose These appear to assist uncom 
plicated healing and certainly give comfort to the patient He has used 
a spray of chaulmoogra oil directly into the larynx without favorable 
results The use of bland oils by inhalation of the fine spray seems agree 
able to the patient The treatment of leprosy of the upper part of the 
respiratory tract should be much the same as that of treating the same 
parts in the tuberculous patient and since tbe condition of the nose, throat 
and larynx reflects to a great extent the general condition of the patient 
the treatment should in the main be directed toward improv ing the general 
condition The patient who rests his larynxhas less cough and irritation 
than one who indulges m talk to an amount which abuses his larynx 
Others however have recommended ionization for the treatment of 
actual nasal lesions the i per cent sodium salts 0/ II uightiana with 
alepol or potassium lodid A current of 20 to 30 roa for 20 to 30 minutes 
IS applied to each nostril separately and 3 or more sessions at bi weekly 
intervals are recommended to clear up the local infection and to reduce 
the number of leprosy bacilh in the discharge 

Other symptoms have to be treated as they arise laryngeal affections 
may require insufflation of cocame Leprotic intis may be extremely 
difficult to treat and often atropine drops are of little avail In these 
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cases hyoscine (scopolamine) hydrobronude H cent solution maybe 
used in the form of drops it usually gives relief For the offensiv e nasal 
discharge the following nasal lotion has been found useful 


R Sod cMorid 
Sod bicirb 
Pot chlond 
Calc pbospb 

Half 02 to be used with H P>nt of 1 


gr 1*11 ( I 4j gm ) 
gr xxu ( 1 42 gm ) 
5 “ { 7 78 gm) 

5 “ Os 55 gm ) 


For the e>e lesions Muir has recommended injections of trypan blue 
(Grubler) A 1 per cent solution in normal saline is injected subcon 
junctivallj and at the same time o cc of a r per cent solution injected 
intravenously twice weekly according to the tolerance of the patient 
He thinks the dye seems to eiert a sodative action upon leprous granu 
lomata see p 865 

VaiUe (1939) and others state that chaulmoogra oil and its derivatives 
are liable to piovok.e dangerous reactions in legions of the eye and advise 
that they should not be used when ocular complications are present 
Radium may be employed for lesions about the eye as well as in the 
mouth When leprous nodules appear on the cornea the ertent of 
the leproma may be arrested sometimes by division of the cornea on the 
pupillary side of the lesions Brockmann reported that the bacilli do 
not traverse the cicatnx Tarsorrhaphy for ectropion of the lower lid 
imdectomy for intis or synechiae may be necessary Sometimes it is 
also necessary to perform tracheotomy for laryngeal stenosis by which 
wonderful relief of intense pain and distress is often obtained 

Surgical treatment is frequently of value m nerve stretching for the 
rehef of intractable leprous neuralgia but the results are sometimes dis 
appointing Lowe (1939) reports that surgical removal of the sheath 
of the ulnar nerve has been performed in a number of leprosy patients 
suffering from acute neuntis The procedure has been found to be of 
great help in relievnng the pain and it appears to be effective in the pre 
vention or mmimisation of deformity 

For the treatment of perforated ulcers amputation of the area involved 
is recommended The existence of leprosy does not materially interfere 
with the success of surgical operations with early healing Cutaneous 
lesions nodular irtfiltrations and ulcers often respond favorably to exposure 
to the roentgen ray NVise (1938) recommends that infiltrated lesions 
and deep seated ulcers should be treated with filtered rays the average 
dose being 1 Holzknecht umt (350 r) skin distance filtered through 
3 mm of alurmnum screen once every 3 or 4 weeks Frequent heat 
baths with sodium bicarbonate dissolved m water are beneficial in some 
cases Necrosis can be treated by ultra violet rays This has been 
reported upon favorably at Carville and in the Dutch East Indies 

When one or several lepromata or leprous macules are present and 
there have been no constitutional signs of a general invasion it is recom 
mended to excise them completdy Wayson (1939) has reported the 
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removal a few weeks after their appearance of 3 leprous nodules from 
the head of a French pnest who worked m a leper settlement in Hawaii 
Tins apparentlj prevented any further spread of the disease during 
four > ears ^YaJ son thought the infection in the patient was presumably 
transmitted to the skin of the head directly from his fingers after handling 
the patients He mentions a similar case m a child who was operated 
upon bj McC oy and in whom no further manifestations of the disease 
occurred in 16 years Lowe (1939) also reports total excision of the skin 
lesions in a number of early cases of the neuro macular type of leprosy 
The results are such that if cases are suitably selected complete excision ol 
the lesions is not likely to be followed by a relapse at least in a certain 
percentage of the cases The period of observation however in the 
majority is too short to allow any definite conclusions to be drawn 

In \iew of occasional reports of the successful removal of solitary 
lesions of nerv e leprosy in pirticular the International Journal of Leprosy 
(1939) invited correspondence on the subject as a result of which 19 cases 
were tabulated, with the following results —No relapse in 12 anaesthesia 
oi the scar only m a new lesions appeared elsewhere in * and 3 -wne not 
reetamined It is pointed out that such slight lesions often yield readily 
to medical treatment 
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cetehro spinal i68\ 

Meningoencephalitis 1 1 gS 
Menorrhagia 1651 
Mental diseases 1706 
Meicunal poisoning dag 1077 
Metabohsm in tropics 1692 
Metagonimus 1397 

yoVogawai 1430 134$ 

Metal poisoning 388 
Metastioogylid e 1273 
Metaitroogylas apn 1173 
Methaemoglobio 146 1383 
Methylene blue (in malana) itg 
leishmaniasis 317 
Metorchis eonjunctus i44t 
Metrorrhagia sfigr 
Meqeen typhus fever 934 
Miaaabug 335 
Mmneh disease 34S 
Vltee and MuUopie Nina 886 
Micrococcus mehteasis 740 
parataelitensis 741 
Microfilaria 1300 
bancrofti 133s 

differentiation of spec es (table) >333 
Loa 333 34 J 
maUyi 1332 1323 
onchoce ca 1353 
peistans 1337 
lianamisson 1304 
Miciogametocytes in malana 44 
Microsporum audouini i 67 
cams I 67 
(ehneum 1167 
scolaceus 1167 

M crotus montebello 380 388 
hlicruro des eury antbus 1331 
Micrur s (ulvius 1331 
Mwit a ssap 
Mi schers tubes i 29 
Milt and undulant fev r 741 74* 
Brucella abortus in 731 790 80 
dnedandevapo ated 1703 
pasteunaation 802 
sickness 1205 
MiUiped s 1342 
M m a c hade 1745 


Mmadium 139S 
hlites 975 149' 

hair foHid 1494 
harvest 1491 
itch 1492 
louse 1494 
typhus 973 

hliyagawanella lymphogranulomatosis 

tloUusc hosts in schistosoimasis 1400 
1419 M27 

oftKmatodes 1400 1419 427 

hfoDusea 1399 
Molluscs and disease 1548 
Xlonilia (Candida) 1163 
MoDilia albicans 1162 
psilosis 1023 
tropicabs tifit 
Moniliases ii6t 
Mooihformis moniliformis 129 
MooLeysendS msoseu 1418 
end Verruga seoo 
andkaws 39S 
and yellow fever 8S6 
Monomonun 1343 
hlonsooDS sdSr 
Mooser bodies (typhus) 955 
Morex Aveefeld bacillus se Ocular 
miecuntis 

hlorven s disease S49 
hfosquuoes anatomy of 29 
anopheline 34 
breeding places 42 49 
class bcauos 34 43 
Cubone 29 34 

destruction and control 117 897 

913 1328 1734 1744 
determination of hosts 40 
development of 32 
dissection of 13s 
hibernation of 47 
hosts (t bl«) 40 43 
in dengue 907 

m fiUnasis 1298 1306 133 1334 

u tnalana 3 29 43 
in yeDow fever (table) 878 1327 
larvae 36 

tnedtcal importance rgao 
ova 3fi 
pupae 36 
sporogony in 17 
hlossman fever 1491 
Mossyfoot 1190 
Moth midge 919 319 
Moulds ite Fungi 
Mountain climates 16S7 
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MauUs dU^tUc ugoi {r&m iftji 
Mocar wtymljiJeia njo 
ctucedo >tg9 
Mugtl cepliaius t449 
MuUitfp* cerebrabs t+Sj 
gbmecatus 148$ 
glomefulatus 1485 
muUseeps 1485 
semhs liS^ 

Mumps io tropics 1601 
Mursen# ts<6 

Munne typhus sm Typhus endtintc 
Musa doraestica 1510 
sprctasda 400 
Muscidae ijto 
Musticift 1515 

htuscle iDsoivcBient in tropiut diseases 
t6S» 

Muscoidca tjtQ 

Mushroom poisoning ijofi tixt 

Iifussels J548 

Musurd'Oil poimtBB mo 
Mycelium 1149 
htycetwmus cholenfottais Csj 
Mycetoma ijjj 

classification 117? 

diagnosit and prognosis <177 
etiology awl epideaioJogy njfi 
history and geographical distribution 

pathology itSo 

prophylaxis and treatment srSi 
symptomatology J180 
Wycobacienum leprae Srj di; daj 
leprae munum 8ss 
tuberculous 8id 

hlycodetma tt6j 

Jfycoscs rt49 t6sj 

diagnosis hy antibodies <194 
pulmonary rrpi 
visceral igt 
\tycotoruJs tt6x 
MyeUUs In schSstosoinusis 1412 
Myiases tjr< tSji 
aural tgrb 
euiaoeoas t$t 4 
intestinal ijis 
key to lame iR J517 
hoearis 1536 

nasal lytJ f« CocMeonjyja 
ocular is «7 
Myodaru 1507 
Myosius to? 8 
Mynapods 148^ > 54 * 

Mytdiseduhs 1348 
Sfyaoedeaia aoseaaara rj?p 


Nagana 165 
Najabunganis tsst 
tnpudiaas 1531 

Kase! izdectios is leprosy 823 830 S38 
843 847 849 831 
myiasis 1512 
Native control 273d 
Nausea asd vomiting 1653 
NavArtdt osteetm 
Necator xai8 

amenanus ia$r i?34 
Negri bodies in rabies i 6 oj 

demaastiatjon of 1604 
Negroes ualarial imctusity in 60 
Nejssorjs catarrhah* idde 
goBorthoeae 2682 

Nemlheliniathes clatufiottiOB of IS19 
NemaCocera 29 ijo6 
Nematoda ti20 

classification taro 
desccipbon tero 
key to suptrianulies 1220 
rate or spurious infections rr 58 
table of i}S7 
thoroj' headed repo 
Neoanphesamine 354 4>3 1103 
Ntocryl eoj 
NeotalvaruB 424 1193 
Neotoma fuscipes 313 
Nephntu 86 s ro4S rtd; 

Nervous system diseases tn tropica >8or 

S693 

NesoLta bengalensis 38a 
Neurasthenia 1065 1078 
IS tropics r76d 
Keuntia 1066 1654 
sutntiooat 1039 

Neurologieal mawfeslatioBS 183* 163^ 

1654 

Stt alro benberl malatta tnemogitis 
pellagra and sleeping sicJcbms 
N eutoiyphdis 83 20Q6 
Neocotr^c nraa 877 8S6 8S8 
(table} 891 

Wicolfc Novy MacNcal {N N N ) »« 
diiim 176 Sit Z24 
Knxrtmtcaad t^S 
Night bbodness 1930 1077 1634 
Ntse mde fever pay 
Nocardia 1183 ttSd 
Nociardi* eiteroides riy? 

Nocturoal cramps 1093 
Nodalea >ft onchocerciasis >330 
ta itishmaniasis rSsy 
IS lepjoty 7635 
in verruga 997 
JO yawj 41? 
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Noguchis media for Leptospira tool 
Notoedres cati 149J 
Nutritional disorders loij 
oedema 1018 

Nyctalopia see Night hluidness 
Nyctotherusfaba 453 

Ochromyu antbtopophaga 1511 

Ocular infection tjfid tSSi 

animal parasites In 1369 
Odontobutis obseuns 1431 
Oedema i6j$ 

Dutntional 1018 

Ociophagostomum apiostomum 1 73 
stephanostomum 1373 
Oesophagus symptoms from 1664 
Oestndae 1513 
Oestrus ovis tjr; 

Oidioroycin 1194 
Ohadioides formosa iS49 
Onchocerca 13J3 
caecutiens 1350 
volvulus 439 1359 
Onchocerciasis 135 

clinical features 1357 
diagnosis 1369 
etiology i3S> 

geographical distribution 133 
history 1359 
immune reactions 1370 
ocular comphcations 366 
pathology 334 
prevention 1374 
prognosis 373 
skin lesions in 1364 
transmission 1336 

treatment 1374 
Onchocercinae 397 
Oocomelania 1401 43? 

Onset and crisis in various d seases 666 
Onyalai 1133 
Opistboros 1399 1441 
felineus 44 1 
no e ca 144* 
vivernni 1443 
Opium poisoning 1316 
Opsomc react on in Undulanl fever 797 
Onentalejew rm 1389 
sore 339 360 393 1661 
defimuo 393 
diagnosis 313 
epidenu logy 297 
geogr phicai distribution and prev 

history 93 
immunity 305 
in dogs 39S 


Onentalsore of mucosa 310 
patiiobgy 303 
prognosis 314 
prophylaxis 3 4 
symptomatology 306 
syno yms 393 
transmission 399 
treatment 315 

See also Leishmaniasis 
Omithodotus 333 
erraticus 340 
hermsi 33S 
marocanus 334 
moidiata 313 337 335 1493 
rostistus 493 
savigoyi 337 
calaje 338 
tuTicaU 338 
cnetuelensis 33S 
Oroya fever 997 eo? 

See also V«V4g3> pttvAsvi. Martov, 
ella infection 
Onhorrbaphe 1593 
O ciUana malanae 4 
Oscioidae 399 
Osteitis deformans 4 7 
fibrosa 417 
Osteomalacia tot6 
Ostrcaedahi 1548 
vugioica 54S 
Olomycoss 1176 
Ova 10 faeces it6i 

concentrat on of 5 3 t66 

enumeration of 1266 
of cestodes >467 
of nematodes 1222 
of trematodes 1401 1404 1436 
^ts alse Faeces ova in 
Oiyunasis 1219 
O yuiis incogn ta 287 
veimicularis 1330 
Oysters 1348 

and typhoid fever 1348 

Paederus 343 
Panama larvicide 1734 
Pangoni s 150S 
PansUongylus gemculatus 31 1 
megi tus 31 

Pappatacl f e> er 915 918 
Pata-choleia vibnos (cholera like vibnos) 
398 

Farafossarulus sinens 5 1439 
stnatulus >439 
Paragonimiasis 1433 
Paragommus 1397 
compactus 1434 
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Paragooimus tetlecotu 1454 
nngen 1453 

westsrinam 1453 
Paralytic verUjo i66« 
Panmplustoraoiilca 1397 
Psraponera ciavata 1543 
Paraattes amnial r»tS 

diseases £roia (taWe) tjjs 
malarial ts si 39 
culUvatioa ss 
human species sa 
in blood speatneaa (tahle^ 9s 
ledes 79 
hfe history 19 
Parasitidae i4gs 
Paralyphoid levtr 5S3 799 993 
ui tropics 1619 
Paresis tresled 63' toaUna S3 
Parox>smil haemoglohnona 83 148 
1583 «6S? 

Parthogenesis m Stroney lotdes 1179 
Par^phoitomuza suirartyfax i4js 
PaitBur treatment ifioj 
PasteurelU aviuptica S93 
peatis Ssi 661 £93 
pseudotubereulosis rodentium 666 
fipj 

tul&ieasis 71S 7x3 1309 
Pediculxcides 1743 
Pedtculidae 1499 
Fedieuloides vestncosus {494 
Pe^culus capttus 934 

hutnanus 33S 33s 434 67' 93^ 984 
var cspitis 1499 
var cacpons 1499 
veaumenti 1499 
Pellagra 1048 toss 1036 1657 
atypical 1064 
com ID 1056 
dsSactua 2^56 
diet in 1068 

difierential diagnosis 106$ 
emptions io6j 
etiology 1057 

geographical distribution 1056 
history 1056 
incidence les* 
lalsnUle soSj 
mouth IB io6i 1063 
nearoiogical lesions to6t 
pathologic physiolofy 1059 
pathology 1060 
pMivBtJiefacter roj^ 
prognosis to66 
prophylaxis 1066 

subcliojca! lods 
symptoms xo6i 
ayaoayias 1036 


P«l!igra ueatmeat 1067 
vitamifi ^ack tad 1057 
PeHettene 1473 
Pemphigus 1603 
Pemallin 376 
Penickllium hrevicaule 1175 
cnistsceum 1175 
BOlalum 35s 376 »09a r «75 
Peatattomida 149& 

Penodicity 1657 
Perfeche 1163 
Penucmus aaaenna 1573 
iiialsna ?o 

Personal prophylans in tropics 1707 
Per^mtion toSs 

in tropics 1691 1695 
Pestis major rr< Pbgue 
niitior d&s rrag tdS7 
PteilercUa see ActinobaciUus 91 
IHeiffeT s banlius leindueiua 1598 
phecomenoD 10 cholera 601 610 
in in/ectwws /aasdite j 73 
IB seven-day fever 389 
Phenol 1739 

coti^ieot 1739 
Phialophota vetrvcosa 1189 
PhlebolMSiis 3»9 spa 918 

SBd leishaauates 149 t5t° 
nrgenupts »ix 1520 
ehmeness 249 tgeo 
sn kela star 229 240 
ta oriental sore 300 
ID pappaUcifever 918 
lasandBy (ever 918 
is verruga too* 
intennedius 300 s$2o 
life history of 9(9 
luUi 30a 
major ijso 
ououtus prp 
mongotenns 240 
noguchu 1994 1329 
pappatau uo 30 r t>i 9 <$20 
peniiciosus 3<sc 919 
sergenti 301 ajso 
verruesnim 1094 rs*® 
Phtebotomua fever 918 1637 
etiology 9iS 
prophylaxis 921 
symptomatology pro 
trsBSDMSsion 919 
treatment 921 
PboxBUa regina 

Phosphorus requirements in tropics tyjs 

Photophobia ro3* 1366 1657 
Pfathfrui pubis 1499 
Kiyconycetes xrso 
Pby^Ua 1339 
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Physalopttri tiS? 

caucasica 1287 
Ph>sa!optenasi8 1287 
Pbysopsis 1401 {407 1419 
Phjtomonas 171 
Pedra 1150 

Piedraia coIumbiana 1150 
hortai 1149 

Pigmentation in tropics 1689 
Pigments in unne 147 
maknal 23 49 53 
plasma 145 
Pila cornea 1431 
luzonica 1431 
Pin worm jet Enterobius 
Pinta 428 

and sypbllis 430 439 44> 
and yaws 430 439 
clinical maniiestatioDS 43$ 
definition 418 
epidemiology 434 
etiology 429 

geographical distributioo 429 
histology 439 
history 440 
inoculation 43 
itagei 437 
synonyma 428 
transauaiion 434 
treatment 443 
Piophik easel 1516 
PirODcUa cornea 1449 
Fuoplasmata 13S 
Fitynasis nigia 1165 
versicolor 1164 
Flagioichis 1452 
javensis 1452 
Plague 65 637 

ambulatory 11 8 1123 
and climatic bubo 1123 
and tsutsugamushi 981 
and typhus fever 944 
bubonic 679 696 
cutaneous 6S6 

confusing organisms in suspected 666 

definition 63 

diagnos s 688 

endemic centers 654 

ep demiology 66t 

ep ootics 669 

etiology 661 

fleas in 667 696 

geog apbic 1 distnbut on 636 

guinea p g test 671 

history 6jt 

immune serum 693 

in rats 666 


t'lague infection by fleas 669 
by other means 673 
meteorological influences 673 
pandemics 632 
pathology 677 6S3 
pneumonic 6S1 689 709 
prognosis 69s 

prophylacs 696 
disinfection 700 
general 696 

in pneumomc plague 709 
personal 70s 
({uarantine 70s 1743 
rat and flea destruction 697 1741 
vaccination 701 
quarantine (firsO lot 632 
latsand 696 1742 
sepbcaemic 683 689 
symbiosis in infection 676 
symptomatology of bubonic 679 
of pneumomc 68t 
of septicaemie 6S3 
symptoms in detail 683 
synonyms 631 
transmission 667 
treatment 704 
vaccines 701 

Planorbis >400 1407 1419 
PI nl poisoning criminal IS13 
of Lvestock 1198 
of man 1 98 
sources of latt 
Su cls9 Poisonous plants 
Plasmodia 13 

human and ammal 3 
m birds 13 

in blackwater fever 16 
in blood specimens (table) 92 
iQ monkeys 13 
life history of s 

Plasmodium falciparum 3 6 25 38 

knowlesi 3 28 139 
malatiae 3 6 24 
ovale 3 27 
praecoz 3 
viva* 3 6 21 139 
PI smoquine compound 107 

in bUckwater fever 106 161 
in malaria 105 127 131 
Platelets blood m onyalai 1134 
Platybelminthes classification of 139S 
PI ctoglos us altivelis 1431 
Pleomorpbism of fungi 1149 
Pbmo 433 

Pneumonia 1032 loSS 1628 
in tropics 1601 
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PojsftBJog arrow Jsoo 
anenlc 63j i6jj 
cocaine ijj6 
fish JS44 
lead 1584 
mercury 6*3 toy? 
opmto ifljfi 

pUixt ti^S 

selemum ie66 ir^ 

snake 2533 

Set also Poisonous pUati 
PoKonous arthropods 1538 
coelenterates 1349 
pUots 1198 
Abrus 1199 

Absinthium (wotmisood) 1199 
Acocantbcra venenata iioo 
Aeozutum 1199 
AgarKus campesier i*o6 
Amamta muscaria {Fly amaruu) 
1*07 

eappa iso? 

pantheriana {» arted iganc) 
laoS 

phalloides (death cup) iso? 
Aiumiita cocculus (Coeeulos indi 
eus) tsoo 

Anancardiaceae 
{mango} <309 
Anuam toxicana tsoi 
apiol and /amaica guiger isio 
Apium sauvun (parsley) tsio 
Aplopappusbeteroph>llus ssos 
Apocytiaceae (dog bane) 1199 
Argemoae zrpp 

nesKsna (Mexican poppy) ixn 
Aslepias (milkweed) i»ij 
Atnplea littorslis isoi 
Berhendaceae njp 
Bhghia sapida isos 
Cannabis indica (Indian bemp) 

I >01 

saliva (marihuana) tjoi 
Catum petrosileniuBi (parsley) 

Cerbera odoliazQ laoo 
Chrysanthemum cineranaefohnia 

1199 

Cicuta (water hemlock) 1310 
Citruilus colocynthia tigp 
cocaine isi6 

Coniuia maculatura (poison hem 
lock) isio 
Croton 1:99 

Curcas (Jatropia) ri9g iita 
Cypnpediura (lady’s slipper) iao» 


Potsoaotts plants Datura arborta tiu 
fastuosa tii4 
ferox S 3 t 4 
aaaguinea iSM 
Derns irpo 
eJiptlca 131 J 
Et> tiiioxolon cocoa irsh 
Eupatonum agecatoidcs (while 
anaheiDot) >305 
Euphorbia (spurges) 1309 
Glonosa superba (wild aconite} 
laij 

Hippomane mancineila (mancbin 
eel tree) xstj 
Ilyoscamus falezlee laoi 
niger t 3 i« 

Hypboloma fascicuUre iroS 
Jatrophn (physic But) 1199 trt; 
etultiphada tna 
stimulosa (spurge settle) ran 
urinl ttts 

LacUnui vetleretts rioS 
bathyrus utievs (chick pea) issj 
LepioU enstaU l3o8 
Masihot aipe (sweet cassava) tin 
ublissiisa (bitter cassava) nii 
hlarasrmus orrades (chanpigncn) 
tto$ 

Msnhuana tsos 

Metopium tonleruB (poison 
wood) ]ioS 
Milieus lets 
opium latS 
Pangium edule rets 
Pasliasca lativa (parsnip) uai 
Psulinia pinnata tiis 
Piper methysticura (pepper plant) 
ISO] 

Pithecolobium geminum (jengkol) 
J*IS 

plants causing dermautis venenata 
]208 

Podophyllum 1199 
Primula abcosica isop 
PsaUiots xanthoderma (jelJow 
ataimog mushroom) iioS 
Rretcus 1199 

Rhododeadroa (Kalmia) 1:00 
Rhus toxicodendron (poison ivy) 
iioS 

vermciftrs JS09 
vercix (poison sumac) 1108 
Sapindaceae (soapberry) 1199 
Scrophulanaceae (egworO 1199 
Strophanthus gratus isoo 
bispidus 1100 
Mrmenlosu* jsoo 
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Feisonous plants Stropbana semiglobata 
tioS 

Sttycbsos columbnna tiat 
Tbtretia abonai laij 

nenfolia isoo 
toxic classification 119S 
Uiticae fobum (nbito snabeioot) 
ijos 

Vjcia faba (bean) uos 
sauva I90J 

Volvans gloiQcephala (ghitnous 
aganc) iioS 
Pobstes galbeus ijaj 
Polycyatosia ifisS 
Polycythemia 1658 
Polyoeuntia je« Benben 1038 
Polyp js4g 
Folyplaz setratus 714 

spinulosus 714 9S5 1499 
PomauopsisUptdana 44$$ 

Fomegnaate 147* 

Pork Upcwom, 14^5 
Porocepbalus crotab 1407 
Portuguese sban-of nar (Physaba) 550 
PotaraoB 145s 
PratieoleUa 1443 

PregniBcy aeaeciua lo 1377 ($79 
la bUekwater fever 134 
in cholera fin 
In hookworm disease tsfia 
la malaria 59 fio 
Frlonurus austrabs 1541 
Pnvies ia tropics 1730 
Proglottides (4fit 
ProBtosd tij 1458 

Sii aisa SuUoDilamide 
Fcophytacuc measures la tropics 4700 
1707 

Protein diet in tropics 1718 

shock therapy 865 
Proteus vulgans 945 
Protoaoa classification of la 
table of 1553 
Protozoal dysentenes 44$ 

Provitamin 1030 

Pseudamphistomum tnincatura 1442 
Pseudo dengue of Java 389 
Pseudo methaemoglobin in blackwater 
lever 146 

Pseudoparasitism see Spurious infectMBS 
tsS; 

Pseudo typbo d fever 980 
Psittacosis 916 
Psorophora, ijs? 

Pi>cho6dae 1319 
Psichopathic disturbances ti4i 
Ptomaine po soning jSS 


Pukx cheopis fifiS 
trrttans 668 
Pubcidae 667 
Pubcides 1742 

Pulmonary symptoms 14J4 >453 >fis8 
PuB^kin seed ste Curcub ta 1472 
Pup para 1507 
Puru Puru 443 
P>ebcis 1657 

Pyogenic infections in tropics 1602 
Pyorrhoea 1505 
alveoUns 1077 
Pyrethnim 1741 1743 1745 
Q fever 924 973 
Quaraatme m cholera 632 745 

10 infectious disease 1745 
10 plague 652 700 1745 
m smallpox 1745 
in typhus 1745 
IB yellow (ever Sg8 1745 
ongin of 632 
Quartaa oaltna 66 
^eckeastedt test 1639 
Quinioe andblaekwaterfever 141 58 ifii 
ichosyncrasy t9 loi 
ID dysentery 454 
in malaru 98 127 
IB pregnancy 102 
tests for absorption 99 681 
tone effects lot 
Rabies IB tropics 1603 

Pasteur treatment 1603 
Radesyge 393 440 
Railheuoa cubensis 1485 
msdigascanensis 1472 
i^uintensit 1472 
Ramey's corpuscles 1129 
Rama bmnochans 1484 
Digromaculata 1483 
Rand scurvy 1077 
Rasahus bigguttatus 1344 
Rat bite fever 376 1639 
cbnical types 3S3 
defimtion 37S 
diagnosis 383 
ep demiology 380 
euol gy 378 

geographical distribution 378 
immumty 3S6 
pathology 382 
prognosis 3S6 
prophylaxis, 386 
secondary infections 3S4 
symptomatology 3S2 
transmission 3S0 
treatment 386 
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Raticides 1741 1744 
Rats destruction of 696 1743 
in infectious jaundice 359 
in plague 665 666 1744 
in rat bite fever 379 
leprosy of 814 
Rattlesnake venom 1534 
Rattus norvegicus 670 1471 
rattus 670 1471 
Ray fungus 1183 
Raynaud s disease 849 
Ray’s test Ckala azar) *39 
Rays stinging (Tiygonidae) 1547 
Rectal stricture (esthiomene) 1147 
Red dysentery of cattle 433 
fever 917 

Redbugs (ciiggers) 1491 
Redia 1399 

Reduvudae ao? ai4 1500 
Reflexes altered x6j9 
Stt also Benben 
Relapsing lever jai jas 1660 
and malaria 89 
and plague 694 
and typhus fever 943 
animal inoculation 318 
arsphenanune in 354 
conjunctival injection 369 
definition 325 
diagnosis 35s 
ecology 34a 
epidemiology 338 
etiology 3*7 

for treatment of syphilis 351 
geographical distribution 3*6 
history 3*5 
immunity 339 
louse borne 331 
pathology 344 
prognosis 333 
prophylaxis 353 
symptomatology 346 
symptoms in detail 349 
synonyms 331 
tick borne 331 
transmission 333 
treatment 334 
types 3** 

Indian 348 
North African 347 
North American 349 

Panamanian 349 
Persian 348 
Reptiba 1530 

RespiraUoD in tropics 1693 

Respiratory system 1658 
Reticulocytosis crisis 94 iS7S 


Reticulocytosis in anaemia 1373 1383 
in malana 50 95 

Reticulo-endothelul system in kala arar 
338 

Rhabdiasoidea 1319-1330 
Rliabditis homims 1387 
Rheumatic fever in tropics 1605 
Rheumatism and undulant fever 800 
articular 913 

Rhinoestrus puipureus 1517 
Rhin^haryngitis mutilans 416 
Rhinoscleroma iiii 
Rhinospondiosis 1134 
Rhioospondium eqm 1135 
seeben 1130 1133 
Rhipicephalae (Metastnata) >494 
Rhipicephalus appendiculatus 973 i495 
sangumeus 313 971 
Rhuoglyphus parasiticus I49r 
Rhizopoda 477 
Rhizopus Diger 1150 
parauticue 1130 
Rbuostoma puhm 1549 
Rhodnius plaupes 1501 
probrus X391 
Rhus poisoning i3oS 
Rhyncola 1499 
Riboflavin 1033 1063 1070 
Rice and benben 1039 1030 
Rickenberg s reaction 339 
Rickets X016 

Rickettsia and Bartonella J003 
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